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Page  2. 

In  the  book  are  examined  the  questions  of  organization  and 
equipment  of  experimental  stations  and  laboratories  for  conducting 
the  heat  engineering  tests  of  the  different  type  of  piston  internal 
combustion  engines  and  gas  turbine  engines. 

Besides  a selection  of  the  type  of  testing  units  and  their 
arrangement/permutation,  in  the  book  are  given  to  recommendation 
regarding  the  equipment  of  station  by  the  operating  systems,  the 
control  devices,  measurement  and  controls.  Also  are  illuminated  the 
questions  of  noise  suppression,  industrial  sanitation  and  fire 
sa fety. 

r~~ 

The  book  is  intended  for  technical-engineering  workers, 
connected  with  conducting  of  the  series,  plant  and  experimental  tests 
of  the  indicated  engines. 


■L 
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PBEFACE. 

The  majestic  prospects  for  the  Coaaunist  building,  narked  by  the 
program  of  KPSS  [CPSO  - Coaaunist  Party  of  the  Soviet  Onion]  on  the 
creation  of  the  tachnico-aaterial  base  of  coaaunisa,  provide  for  the 
powerful  development  of  all  branches  of  national  econony. 

For  the  rearaaneat  of  industry,  the  decisive  iaportance  has 
technical  progress  in  the  creation  of  new  technology,  technology, 
organization  of  production,  inpleaentation  of  overall  aechanization 
and  autoaation  of  production  processes. 

In  aachine-building  the  production  of  the  internal  combustion 
engines,  which  possess  high  efficiency  and  great  possibilities  of 
their  wide  use  in  all  branches  of  national  econony,  acquires  special 
iaportance. 

In  the  creation  of  highly  efficient  internal  coabustion  engines 
the  large  role  play  series  and  experiaental  tests. 

On  the  selection  of  conposition,  net  hods  and  nods/conditions  of 
tests,  type  of  stands,  brakes  and  nonitor ing-neasuc ing  equipment. 
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depends  the  quality,  engine  life  and  the  degree  of  reliability  of  the 
produced  engines.  These  tests  mate  it  possible  to  give  the  timely, 
objective  estimation  of  the  newly  created  constructions  of  engines 
and  to  considerably  reduce  the  periods  of  their  finishing  and 
■ astery/adoption. 

The  available  Soviet  and  foreign  technical  iiteratura,  which 
relates  to  the  region  in  question,  illuminates  mainly  the  procedure 
of  tests  and  measurements. 

In  it  there  are  no  requirements,  presented  to  experiiental 
stations  on  organization,  equipment  and  the  arrangement/permutation 
of  equipment,  the  questions  of  mechanization  and  automation  of 
production  processes,  noise  abatement,  safety,  industrial  sanitation 
and  fire  safety  technique. 

Is  absent  also  any  information  on  organization  and  equipment  of 
the  laboratories  from  which  in  many  respects  depends  the  success  of 
tests. 

Pa  ge  4 . 

In  this  booh  is  made  the  attempt  to  generalize  and  to 
systematize  the  available  experiment  on  planning,  building,  equipment 

I 1 
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and  the  operation  of  experimental  stations  and  laboratoria s. 

The  questions,  connected  with  test  equipment, 
monitoring -measuri ng  equipment,  systems  of  automation  and  controls, 
measurement  procedure,  in  the  book  are  not  examined,  since  they  are 
widely  illuminated  in  the  available  technical  literature. 

The  given  in  this  book  units  of  measurement  are  given  on  the 
effective  to  1963  GOSTs. 

From  1 January  1963,  is  introduced  the  new  single  international 
system  of  units  - "SI”  (GOST  9867-61)  as  preferable  in  all  regions  of 
science,  national  economy  and  teaching. 

If  necessary  for  the  conversion  of  values  indicated  here,  one 
should  use  GOST  9867-61. 

All  observations  and  responses  for  the  book  the  requast  to 
direct  to:  Moscow,  B-66,  1-st  Basmannyy  per-,  3,  Hashgiz. 
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Chapter  1. 


TESTS  OF  INTEHNAL  COMBUSTION  ENGINES. 


§ 1.  The  purpose  and  nature  of  the  tests. 


1.  Designation/purpose  of  tests. 


The  experimental  stations  of  the  Machine  Building  Plants,  which 
generate  different  in  construction  and  designation/purpose  piston  and 
gas  turbine  engines,  are  intended  for  conducting  the  breakings  in  of 
rubbing  parts,  testing,  adjustment  of  these  engines  and  setting 
conformity  to  their  assigned/prescribed  characteristics. 

Bench  tests  of  engines  is  the  important  concluding  stage  of  the 
technological  process  of  production  in  engine  construction.  In  this 
branch  of  the  machine-building  of  testing  according  to  thair 
designation/purpose,  they  are  divided  into  tests  of  engines  in  series 


mmm 
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production  and  experinental  research  tests  of  experimental 
production,  or  to  the  tests  of  scientific  research  character. 

In  the  series  production  of  testing,  they  are  carried  out 
according  to  programs  and  commands  according  to  the  technical 
specifications  for  supply  which  are  develop/processed  and  are 
establish/installed  conformably  for  each  type  of  engine. 

Tests  in  series  production  have  as  a goal  first  of  all  quality 
control  of  output.  The  designation/purpose  of  these  tests  is  reduced 
to  the  following  basic  tasks: 

1)  the  quality  control  of  the  assembly  of  engine  as  a whole  and 
of  its  separate  aggregate/units; 

2)  the  breaking  in  of  friction  surfaces  for  an  increase  in  the 
wear  resistance  and,  consequently,  also  operational  life  of  engine 
(for  piston  engines)  ; 

3)  testing  the  established/installed  parameters  for  this  type  of 
engine  and  taking  its  characteristics  in  accordance  with  technical 
specifications  for  supply. 


Experimental  and  research  tests  are  usually  connects!  with 
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experimental  production  or  by  the  wort  of  design  bureaus  they  are 
carried  out  for  testing  of  the  new  or  improved  constructions  of 
engines  or  their  separate  aggregate/units,  units  and  parts. 

Page  6. 

In  this  case,  are  carried  out  comprehensive  investigations  for 
research  on  gas-dynamic  processes,  wcrk  of  separate  cell/elements  and 
entire  construction  of  engine  as  a whole. 

Thesa  tests  are  carried  out  also  in  connection  with  research  on 
the  individual  questions  of  the  engine  construction:  improvement  in 
the  pcwer-supply  systems,  lubrication,  cooling,  starting/launching, 
selection  of  the  new  types  of  fuel/propellants,  oils,  introduction  of 
new  technological  processes,  testing  new  materials  and  to  other 
investigations. 

All  research  works  are  completed  by  conducting  endurance  tests 
and  by  taking  detailed  characteristics  for  the  development/detection 
of  the  conformity  of  the  designed  calculated  parameters  of  engine 
actual. 


2.  Types  of  tests. 


Daring  the  manufacture  of  engines  in  series  production,  are 
distinguished  the  following  types  of  tests: 

1)  delivery  or  plant; 

2)  controls; 

3)  commission,  selective  or  otherwise  - series. 

Acceptance  test  undergoes  each  factory-built  engine  of  outside 
dependence  on  type,  construction  and  its  designation/purpose. 

Monitoring  test  is  carried  out  when  technological  process  and 
technical  delivery  specifications  require  the  complete  or  partial 
sorting/partition  of  engine  after  acceptance  test.  In  this  case  after 
the  sorting/partition  of  engine,  which  usually  pursues  additional 
control  functions,  engine  undergoes  final,  monitoring  test.  This 
testing  depending  on  type,  the  construction  and  the 

desigaation/purposes  of  engine  can  undergo  each  programmed  engine,  or 
only  limited  batch. 
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In  the  latter  case  sorting/partition  and  monitoring  test 
undergoes  only  one  engine  from  the  determined  batch,  for  example,  one 
of  the  ten,  in  this  case  nine  remaining  engines  undergo  only 
acceptance  test  and,  therefore,  sorting/partition  does  not  undergo- 

In  the  presence  of  two  tests,  the  monitoring  test  is  less 
prolonged,  but  the  concluding  inspection/acceptance  of  engine  they 
conduct  according  to  it  with  taking  of  the  final  characteristics 
which  will  be  brought  in  into  engine  certificate. 

Under  the  condition  of  limited  sorting/partition  the  quality  of 
an  entire  batch,  they  judge  by  the  control  engine  which  passes 
sorting/partition  with  the  subsequent  monitoring  test  and  is  the 
representative  of  this  batch. 

Page  7. 

If  during  tests  are  detected  the  large  flaw/defects,  which 
cannot  be  removed  on  stand,  or  engine  does  not  give  the  necessary 
characteristics,  then  it  is  subject  to  taking  from  stand  and  heads: 

a)  during  single  testing  into  defective  department/separation 
for  a partial  or  complete  sorting/partition  and  after  the  elimination 
of  flaw/defects  to  the  repeated  or  additional  testing: 
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b)  daring  double  tests  into  assembly  departaent/separ at  ion,  if 
were  reveal/detected  flaw/defects  during  acceptance  test,  and  into 
partition  department/separation,  if  they  were  deterained  luring 
aonitoring  test. 

After  the  eliaination  of  engine  defects,  again  heads  for  the 
appropriate  (delivery  or  control)  repeated  testing,  since  the 
previous  testing  during  which  were  determined  the  flaw/defects, 
usually  it  is  nullified- 

The  last/latter  types  of  the  tests  of  series  production  are 
endurance  tests,  they  bear  selective  character  and  they  ace  carried 
out  periodically,  after  definite  intervals  of  tine  or  witli  the  issue 
of  the  determined  batch  or  series  1 of  engines. 


FOOTNOTE  1 . A series  he  is  called  the  batch  of  the  one-type  engines, 
differing  by  the  service  life  and  which  possess  complete 
interchangeability  parts.  ENDFOOTNOTE. 


Usually  these  tests  are  carried  out  for  the  target/purposa  of 
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periodic  quality  control  of  engines  and  its  operational  data  (engine 
life,  wear,  etc.)  or  for  the  target/purpose  of  testing  changes  and 
improvements,  introduced  into  the  construction  of  engine. 

The  tests  of  experiaental  production  and  research  include  the 
following  types  of  tests,  connected  with  development,  finishing  and 
the  delivery  of  new  modifications  or  new  specimen/samples  of  the 
engines: 

1)  experimental  finishing; 

2)  state  (interdepartmental)  ; 

3)  research. 

Experimental  finishing  and  research  tests  are  usually  connected 
with  the  work  of  design  bureaus  and  scientific  research  organizations 
and  they  are  carried  out  for  the  target/purpose  of  testing 
construction  and  investigation  of  the  individual  questions  of  engine 
constr ucti on. 

Official  tests  are  official  tests  and  they  are  cartiad  out  for 
the  target/purpose  of  the  inspection/acceptance  of  the  new  or 
modified  specimen/samples  of  engines. 


I 
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3.  Cob  position  of  tests. 


Efficiency  of  all  types  of  piston  internal  coabustion  engines 
very  strongly  depends  on  the  mode/conditions  of  the  first  hours  of 
their  wort.  If  we  to  the  newly  assenbled  engine  in  the  beginning  of 
its  work  give  nornal  load,  then  in  this  case  will  unavoidably  follow 
the  premature  intensive  wear  of  friction  surfaces  with  the  appearance 
on  then  of  scores.  This  is  explained  in  the  first  stages  of  the 
operation  with  the  presence  of  roughnesses  - the  traces  of  machining, 
in  consequence  of  which  on  friction  surfaces  appear  considerable 
specific  loads. 

Pa  ge  8 . 

Therefore  appears  the  need  for  the  smoothing  of  these  roughnesses  for 
decrease  in  the  specific  loads  for  the  friction  surfaces  for  the 
purpose  of  an  increase  in  the  wear  resistance. 


Training/preparation  of  the  assembled  engine  for  wort  on  full 
load  is  achieved  by  preliminary  processing  or  its  rolling,  in  process 


of  which  the  articulated  vapors  of  engine  obtain  the  possibility  of  a 
gradual  increase  in  the  load  with  then  mutual  breakings  in.  Therefore 
for  all  newly  manufactured  or  assembled  after  repair  engines  rolling 
or  breaking  in  is  the  first  necessary  technological  operation  which 
is  a part  of  acceptance  test. 

As  show  the  conducted  investigations,  complete  the  breaking  in 
of  the  parts  of  engine  it  is  continued  the  long  time,  measured  of 
dozen  hours.  However,  this  process  continues  unevenly,  since  the 
basic  of  breaking  in  occurs  in  the  period  of  the  first  hours  of  the 
operation. 

Usually  in  plant  practice  to  the  breaking  in  of  engine  they 
limit  within  the  limits  of  two-four  hours,  accepting  it  in  the 
following  composition: 

1)  cold  run-testing  of  engine  from  extraneous  drive; 

2)  the  hot  of  breaking  in  (in  his  own  engine  operation)  without 
load,  but  with  a change  in  the  speed  from  minimally-stable  to 
nominal; 

3)  the  hot  of  breaking  in  with  a gradual  increase  in  the  load 


during  the  constant  or  variable  operating  modes 


3T 
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These  engine  power  ratings  compose  the  basis  of  acceptance  test 
for  each  type  of  piston  engine.  Further  follow  regulating- setup  works 
and  performance  testing  and  calibration. 

Sometimes  some  plants  as  a result  of  the  imperfection  of  testing 
units,  passing  cold  rolling,  they  produce  only  hot  to  the  breaking  in 
of  engine,  respectively  increasing  its  duration.  This  testing  one 
ought  not  to  consider  equivalent  and  satisfactory. 

Cold  rolling  not  only  save  liquid  propellant,  but  also  raises 
the  quality  of  the  produced  engines.  In  the  presence  of  cold  rolling, 
the  engine  operation  begins  after  its  preliminary 
training/preparation  during  which  it  is  obtained  not  only  to  the 
breaking  in  of  the  friction  surfaces  but  also  the  necessary  flushing 
of  an  entire  oil  system  of  engine.  For  this  purpose  experimental 
installation  is  equipped  by  special  bench  lubrication  system, 
flushing  of  the  oil  system  of  engine  is  reached  because  of  the 
increased  oil  circulation  and  its  intensive  filtration  during  which 
oa  the  filtering  cell/elements  occurs  the  detention  of  the  metallic 
particles,  which  separate  out  with  breaking  in,  and  also  dust  and  the 
contamination,  which  partially  remains  after  assembly. 
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The  optiaua  conditions  of  the  aode/conditions  of  cold  rolling 
and  subsequent  hot  breakings  in  depend  on  the  state  of  the 
technological  process  of  the  Manufacture  of  the  parts  of  engine, 
especially  on  quality  and  accuracy/precision  of  the  machined  friction 
surfaces,  and  also  on  the  design  features  of  engine.  Therefore  the 
selection  of  the  aode/conditions  of  rolling  and  breakings  in  will 
depend  on  these  factors.  Usually  it  they  conduct  by  step/stages, 
changing  the  rate  of  the  rotation  of  the  engine  crankshaft  after  each 
stage  for  100-200  revolutions. 


In  the  case  of  the  sorting/partition  of  piston  engine 
subsequently,  are  carried  out  the  monitoring  tests,  during  which  the 
breaking  in  usually  is  not  produced.  However,  during  the  replacement 
of  the  critical  parts  monitoring  test  must  precede  additional  of 
breaking  in,  which  in  this  case  is  included  in  the  composition  of 
this  testing. 


For  gas  turbines  as  a result  of  their  design  features,  cold 
rolling  is  not  required,  but  the  hot  of  breaking  in  sharply  is 
reduced.  The  basis  of  acceptance  tests  of  these  engines  comprises: 
launching/starting  and  engine  wara-up,  gradual  set  of  revolutions, 
regulating-setup  works  and  taking  performance  characteristics. 
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Furthermore,  for  all  types  of  internal  conbustion  engines  during 
test  work  they  occur  of  work  on  the  elinination  of  the  separate 
flaw/ defects,  which  are  reveal/detected  in  the  process  of  the 
operation.  The  volume  of  these  work  depends  on  the  design  features  of 
engine  and  on  the  degree  of  its  aaster y/adopt ion  in  production. 

The  exemplary /approximate  coaposition  of  the  tests  of  the 
different  types  of  engines  is  given  in  Table  1.  It  should  be  noted 
that  the  enuaeration  of  the  operations,  given  Table  1,  and  their 
duration  gives  in  connection  with  series  production  and  can  change 
depending  on  specific  technical  specifications  for  the  test  work, 
scale  and  character  of  production,  state  of  technological  process  for 
the  manufacture  of  parts  and  engine  accessaries  and  its  dasign 
features. 

During  the  d* termination  of  the  common/general/total  labor 
consumption  of  tests,  it  is  necessary  to  consider  the  volume  of  the 
repeated,  delivery  and  control,  and  also  all  endurance  tests,  which 
are  necessary  on  the  average  by  one  programmed  engine. 

Without  taking  into  account  of  the  specific  design  features  and 
service  life  of  engine,  is  not  represented  possible  to  determine  the 
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composition  of  series  and  other  selective  endurance  tests.  They 
usually  are  establ ish/installed  conformably  for  each  typa  of  engine, 
its  designation/purpose,  scale  of  batch  or  program  of  the  issue  and 
ot‘her  factors. 

Composition  and  the  character  of  the  tests  of  the  engines,  which 
studied  in  operation  and  passed  repair,  will  actually  approach  a 
composition  of  the  delivery  and  monitoring  tests  of  series 
production.  Composition  and  the  duration  of  experimental  and  research 
tests  will  be  determined  in  each  case  depending  on  the 
designation/purpose  of  these  tests  and  tasks  which  before  them  are 
advanced. 

The  final  goal  of  all  tests  is  taking  the  necessary  angine 


characteri sties 
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Table  1.  Exemplary/approximate  compostion  and  the  duration  of  the 
tests  of  some  types  of  engines. 


Key: 

(2). 


MaHMenoBariHe  itcnmaiiHfl 
h onepamifl^A) 


PejKHMW  HcnbiTaimA 
no  MHCTiy  oOopOTOB 
KOjieHMaToro  Bajia 

O) 


npOAOTITItHTe.IbHOCTb  iicnu- 
TtHHfl  no  TMnaM  BBHraTr/ieft 

\)  B J HUH 


izj 

m 

X • 

*9  o ^ 

O.  . 

»r  * 

O s 

E *§ 

< «vl 


*5 

u 

*o 

V I 
2 o 

cc® 


* 2 
H 2 

X B O . 

4)  o * 

2 5 3 . 
iPo*! 

a s 

«9  V O 

x 2 3° 

o X X 'O 
= H X I 
W O 0.0 

*;  c >»o 


mi 

i=i" 

U 01  I 

* 2 30 
® 03  s O 

0.0  so 
H O — 


1.  CnatoMHoe, 
HcnhiTamie  I 

riocTaHOBKa  ABHraTe.ia  Ha  cTeHa 
XoaoaHaa  ofiKaTKa  (V) 


ropaqaa  npHpa6oTKa  6e3  narpy3- 
kh  C!  *' 

Topaiiaa  npiipaOoTKa  noa  Harpy3- 

koh  Cl  ^ 

flpoKpyTKa,  nycK  n nporpeB  abh- 
rateaa  (}(»' 

riocTeneiinoe-  yBeaimemie  o6opo- 
tob  c Rbi.'iopiKKofl  no  OTae.ib- 
HblM  3TanaM\il) 

Ocmotp,  peryanpoBKa,  ycTpane- 
HHe  Me.TKHX  neijjeKTOB  h noa- 

roTOBKa  K caaTOHHOMy  Hcnu- 

T3IIHK)  (A*”  _ _ 

CflaToiHoe  HcnbiTamie  ) 

CHurne  flBiiraTcja  co  CTenaa  (U) 


Ox  MHHHMaabHbix 
flO  0,5— 0,6  HO- 
MiiHaabHbixCjoVJ 
Ot  MHHHMaabHbix 
(p^o  HOMimajIbHblX 

To  we(i<) 

Ot  MHHHMaabHbrrl 
fi^VtO  0,3  HOMH- 
' HaabHbIX 
Ot  0,3  HOMHHa.ib- 
llbix  flO  HOMH- 
lia.TbHblX  (\£' 


H T or  O B 

II.  K O H T P O .1  b H 0£ 
h c n u t a h ii  e ( J ») 
v ( 

riocTanoBKa  ABiiraTeati  na  cTe; 
TIporpeB  aBHraTean  (*S' 


PeryanpoBKa,  iHaaaaxa  h noaro- 
TOBKa  K KOHTpO.lbHOMy  HCnbl- 
TaHMoQiWJ  , , 

KoHTpoabiioe  HcnbiTaHiieC_^*' 


CHBTHe  abHraTe.m  co  CTeHai 


Toro  B MUH 

B c e r o b jiuH 


Ot  MHHHMaabHbix 
ao  MaKCHMaab- 
Hbix  Id1*' 


n <«9l 

Ot  MHHHMaabHbix 
(tT)aO  HOMHHa.lbHblX 


_ © 
Ot  MHHHMaabHbix 
m^)aO  MaKCHMaabllblX 


15 

60 


30 

60 


20 

15 

10 


210 


25 

90 


30 

90 


30 


30 


20  j 30 


10  | 15 


45 

40 


60 

60 


45  I 60 


20  15 


20 


315  1 75  245 


25 

15 

45 


30 

20 


20 

10 

45 


30 

15 


30 

15 

90 


40 

20 


135  120 


195 


210 


450  I 295  | 440 


(1).  Duration  of  tests  according  to  the  types  of  engines  in  min. 
Designation  of  tests  and  operations.  (3).  Hode/condit ions  of 
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tests  according  to  the  speed  of  the  crankshaft.  (4) . Tractor  diesels 
with  a power  of  200  hp.  (5).  Diesels  with  a power  of  300-500  h p-  (6). 
Stationary  and  transport  gas  turbines  with  a power  of  100-500  hp. 

(7).  Transport  and  shipboard  gas  turbines  with  a power  of  1000-2000 
hp.  (8).  Acceptance  test.  (9).  Setting  of  engine  to  stand  cold 
rolling.  (10).  From  minimum  to  0.5-0. 6 nominal.  (11).  Hat  of  breaking 
in  without  load.  (12).  From  the  minimum.  (13).  to  the  nominal.  (14). 
Hot  of  breaking  in  under  load.  (15).  The  same.  (16).  Warming  up, 
launching/starting  and  engine  warm-up.  (17).  Gradual  increase  in  the 
revolutions  with  holding  in  various  stages.  (18).  From  0.3  nominal  to 
the  nominal.  (19).  Inspection,  control,  elimination  of  small 
flaw/defects  and  training/preparation  for  acceptance  test.  (20).  From 
the  minimum  to  the  maximum.  (21).  Taking  engine  from  stand.  (22). 

Sums  min.  (23).  Monitoring  test.  (24).  Setting  of  engine  to  stand. 
(25).  Engine  warm-up.  (26).  Control,  adjustment  and 
training/preparation  for  monitoring  test.  (27)  . Monitoring  test. 

(28)  . In  all  in  min. 


Page  11. 

In  the  majority  of  cases  of  user,  they  interest  data,  that 
characterize  the  external  work  of  engine,  namely:  power,  revolutions, 
the  specific  consumption  of  fuel/propellant  and  oil  and  some  other 
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data,  such  as  service  life  of  engine,  the  stability  of  work  under  the 
separate  conditions,  accelerating,  speed  and  the  reliability  of 
starting/launching,  temperature  conditions,  etc. 

Therefore  of  great  significance  ace  requirements  with  respect  to 
the  accuracy/precision  of  these  measurements  which  depend  on  the 
methods  of  measurements,  taken  bench  equipment  and  metering 
equipment.  However,  one  ought  not  to  forget  that  the  excessive 
requirements  with  respect  to  the  accuracy  of  the  measurements  with  of 
taking  different  characteristics  considerably  complicate  testing  unit 
and  its  cost/value.  The  underestimation  of  these  requirements, 
especially  during  experimental  and  research  tests,  can  lead  to  faulty 
conclusion /deri vat  ions  and  incorrect  conclusions  with  the  supply  of 
final  sums. 

During  the  test  work  of  batch  production  of  requirement  with 
respect  to  the  accuracy  of  measurements,  they  must  be  lower  than 
during  experimental  and  research  tests. 
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Table  2.  Accuracy  of  the  basic  measurements,  manufactured  during 
f engine  testing. 
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Key:  (1).  Accuracy  of  measurements  in  percentages.  (2).  Piston 
engines.  (3).  Gas  turbines.  (4).  Designation  of  the  measured  values. 
(5).  Series  production.  (6).  Experimental  research.  (7).  Torsional 
moment.  (8).  Speed  of  the  shaft  of  engine.  (9).  Fuel  consumption. 
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(10).  specific.  (11).  total.  (12).  Consumption  of  oil.  (13).  Air  flow 
rate  for  the  feeding  of  engine.  (14).  Temperature  of  cooling  water  at 
entrance  and  exit  from  engine.  (15).  Temperature  of  oil  at  the  engine 
inlet'.  (16).  Temperature  of  air  at  the  inlet  into  engine-  (17). 
Temperature  of  waste  gases  at  output/yield  from  engine.  (18). 
Temperature  of  air  after  compressor.  (19).  Temperature  of  the  gases 


before  the  turbine.  (20).  Oil  pressure  in  oil  main  line.  (21). 
Pressure  of  fuel/propellant  at  the  engine  inlet-  (22).  Barometric 
pressure. 

Page  12. 

Table  2 gives  data  on  the  accuracy  of  measurements  most  widely 
used,  that  characterize  the  engine  operation  during  test  wort  in 
series  production  or  experimental  research  works,  including  the  tests 
of  separate  engine  accessories. 

§2.  Requirements,  presented  to  experimental  stations. 

The  basic  requirement,  which  must  satisfy  the  experimental 
station,  consists  in  engine  tests  at  station  being  carried  out  under 


I 
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conditions,  maximally  approxiaated  to  operational. 

Degree  of  approxination  to  these  conditions  and  the  composition 
of  tests  are  usually  determined  by  the  technical  requirements, 
developed  by  design  bureaus  and  confirmed  when  conducting  of  the 
final  official  (interdepartmental)  tests  of  new  specimen/sample  or 
modification  of  engine. 


Contemporary  experimental  stations  in  the  majority  of  cases  the 
complex  and  expensive  constructions  to  which  is  presented  a whole 
series  of  requirements.  These  requirements  are  mainly  explained  by 
the  technological  process  of  engine  tests,  by  the  need  for  the 
creation  of  the  sanitary-engineering  and  safe  working  conditions, 
providing  fire  safety,  by  the  construction  and  other  basic 
requirements. 


Technological  requirements: 


1.  During  bench  test  of  engine,  must  be  provided  conditions  of 
its  work,  as  far  as  possible  close  to  operational. 


2.  Equipment  and  equipment  of  experimental  station  must  provide 
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high  productivity  of  stands  with  minimum  expenditure  of  tine  on 
installation  and  disassembly  of  engine  at  testing  unit. 

3.  Brake  rigging,  power-supply  systems  and  aaintenance  of  unit, 
measurement  and  control  must  ensure  standard  operation  of  engine  and 
taking  necessary  characteristics  with  reguired  accuracy/precision. 

4.  Experimental  station  must  be  equipped  with 
lifting-transporting  means,  centralized  fuel  feed  and  with  all  forms 
of  energy  and  industrial  supplies. 

5.  Locations  for  arrangement/permutation  of  bench  installations 
and  all  services  of  experimental  station  must  have  sufficient 
sxze/dimen  si ons. 


[ 

I 

1 


I 


Hith  the  planning  of  the  locations  of  station,  it  is  necessary 
to  consider  the  possibility  of  a change  in  the  constructions  of 
engines,  for  which  to  provide  the  possibility  of  expansion  or 
reconstruction  of  station  for  testing  the  new  types  of  engines. 

Page  13. 

6.  Planning  of  arrangement/permutation  of  stands  and  station  as 
a whole  must  be  subordinated  to  rational  technological  process.  In 
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this  case,  must  ba  provided  the  conveniences  for  the  operational 
naintenance  of  the  equipment  of  station  and  tested  engines. 

For  providing  the  high  productivity  of  stands  at  experimental 
stations,  it  is  necessary  to  have  the  rational  organization  of  works. 

It  is  necessary  to  search  for  ways  and  methods  of  the  greatest 
shortening  in  the  auxiliary  time,  spent  on  pretreatments,  attaining 
the  maximum  transfer  of  these  works  from  stand  into  preparation 
department/separation.  An  increase  in  the  duration  of  machine  work  of 
the  test  bench  the  count  of  shortening  the  preparatory  time,  which 
goes  to  unit  and  photography  of  engine,  connection  of  tech nological 
communications  and  to  regulating-setup  works,  is  one  of  the  primary 
tasks. 


At  the  sane  time  important  value  has  also  implementation  of  the 
automation  of  the  processes  of  measurements,  recording  and  processing 
readings  during  taking  of  different  characteristics  and  introduction 
of  programmed  control  during  engine  testing. 


Sanitary-e  ngineering  requirements : 
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1.  Harmful  isolation/liberations  of  vapors  and  gases,  which 
occur  during  test  wcrk  of  engines  or  in  process  of  their 
training/preparation  for  tests,  both  by  bench  locations  and  other 
subsidiary  locations  of  experimental  station  they  must  not  exceed 
maximum  permissible  concentrations,  establish/installed  froi  union 
norms  N-10  1-54  of  publication  1958.  The  harmful  isolat  ion/ libe  rati ons 
include  carbon  monoxide,  which  is  contained  in  waste  gases, 
propellant  vapors,  oil  and  acrolein,  which  appears  as  a result  of 
burning  and  heating  oil,  pairs  of  mercury  (in  the  case  of  applying 
the  mercury  piezometers)  and  another  harmful  substance.  In  appendix 
1,  are  given  the  values  of  the  maximum  permissible  concentrations  of 
these  and  other,  to  them  similar  substances  which  can  have  use  on 
experimental  stations  and  the  laboratories  of  the  engines  where  are 
carried  out  experimental  tests  and  the  finishing  of  piston  internal 
combustion  engines,  and  in  the  gas-dynamic  laboratories  of  gas 
turbines. 

At  the  presence  of  these  harmful  isolation/liberations,  the 
maintenance  of  the  necessary  sanitary-engineering  conditions  is 
achieved  by  the  application/use  of  suction  and  exhaust  ventilation 
with  the  required  multiplicity  of  the  exchange  of  air  in  the  zone  of 
working  locations. 


2.  Provision  of  all  workers  at  experimental  station  sufficient 
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accordingly  the  sice  Doris,  by  size/dimensicns  cf  production 
locations  (on  area  and  cubic  content),  and  also  by  necessary  everyday 
services  and  locations  for  arrangement/permutation  of  operating 
personnel  and  employees.  All  these  locations  except  good  ventilation 
must  have  heating,  water  supply  and  illumination  in  accordance  with 
the  effective  norms. 

Page  14. 


3.  In  working  locations  and  services  where  occurs 
application/use  of  toxic  and  strongly  toxic  substances  (mercury,  its 
pairs  and  other  substances) , structures  of  walls  and  sex/floor  must 
not  absorb  these  substances. 

4.  In  view  of  large  formation  of  noises,  published  during  engine 
testing,  it  is  necessary  in  experimental  stations  to  use  extensively 
sound-deadening  devices  and  to  take  special  measures  of 
soundproofing,  which  ensure  noise  reduction  in  area  of  arrangement  of 
experimental  station  and  production  indoors  to  permissible  values. 
Especially  this  is  related  to  by  those  to  the  experimental  stations 
where  is  conducted  testing  of  gas-turbine  and  powerful  piston 
internal  combustion  engines. 


The  noise  level  in  the  working  locations  in  which  is  possible 
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the  prolonged  stay  of  the  service  personnel,  and  also  outside 
experiaental  station,  on  the  boundary/interface  of  a 

sanitary-shielding  zone,  must  not  exceed  the  permissible  norms,  given 
in  appendix  2. 


Heguirements  for  safety  engineering. 


In  work  on  experimental  stations,  in  laboratories  ani  on 
separate  testing  units  must  be  provided  the  general  safety  of  work  of 
the  service  personnel.  The  basic  condition/positions  of  this  safety 
and  reguirenent  for  it  are  presented  below  in  chapter  VI,  §1. 


Reguirements  for  fire  safety. 


These  reguire ments  consist  in  taking  organizational  and 
technical  measures,  which  ensure  fire  safety  on  experiaental  stations 
and  laboratories.  The  basic  condition/pcsi tions  of  these  conditions 
and  measure  are  given  in  chapter  VI,  §2- 
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Requirements  for  building. 


1.  Constructions  of  building  are  must  as  far  as  possible  to  be 
fulfilled  from  standard  and  standard  construction  parts  and 
cell/eJeme nts.  All  buildings  of  experimental  station  must  be  by 
sufficiently  strong,  are  carried  out  in  accordance  with  the  existing 
sanitary-a ngineering,  fire-fighting  and  other  norms  for  building  of 
the  industrial  buildings  of  a similar  designation/purpose. 

The  planning  of  basic  working  and  auxiliary  locations,  and  also 
their  size/dimensions  and  architectural  shaping  must  completely 
answer  by  the  requirements  for  rational  technology  of  test  work. 

2.  All  foundations  of  experimental  station  under  stands,  brake 
and  other  power  plants  must  be  reliably  isolated  from  all  structures 
of  building. 

Pa  ge  1 5. 


3.  Facing  materials  of  internal  surface  of  locations  of  test 
installations  must  be  stable  to  efflorescence.  Construction  weeding 
it  must  eliminate  rapid  wear  and  the  isolation/liberation  of  dust; 
their  surface  with  the  incidence/impingement  of  oil  or 
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fuel/propellants  must  not  tie  slippery. 


furthermore,  heas  and  entire/all  internal  facing  of  walls  must 
be  sufficiently  ruggedized  and  impact  loads  with  random 
impact/shocks,  flameproof  and  provide  the  reliable  impenetrability  of 
oil  and  fuel/propellants. 

The  accuaulated  over  recent  years  experience  in  planning, 
building  and  the  operation  of  experimental  stations  and  the 
coaaon/general/total  high  technological  level  of  the  Soviet  of  all 
branches  of  industry  create  all  conditions  for  the  solution  and  the 
complete  satisfaction  requireaents  enumerated  above  of  basic. 


§3.  Composition  of  testing  units. 


In  the  composition  of  testing  units,  they  enter: 


1)  stand  or  the  engine  mount  for  installation  of  tested  engine; 


2)  braking  device; 


3)  device  and  the  systems  of  launching/starting*  control. 


DOC  = 77233301  PAGE  38 

heat-control /check , measurements  of  power  and  other  paraaeters  of 
engine ; 


4)  the  power-supply  system  and  maintenance  of  testing  unit; 


5)  the  sound-deadening  other  devices  and  systeas  - as  needed. 

Basic  and  main  link  in  testing  unit  is  braking  device  whose 
basic  designation/purpose  is  absorption  of  the  power,  developed  with 
engine  in  the  process  of  its  testing,  and  the  measureaent  of  brake 
horsepower  with  the  required  accuracy/precision.  The  aost 
general-purpose  fora  of  brake  is  such  reversible  machine  which 
alternately  can  work  as  brake  and  as  drive  for  starting/launching  or 
cold  run-testing  of  engine. 

The  correct  and  rational  selection  of  brake  is  decisive  for  an 
entire  experimental  station.  This  selection  superimposes  the 
determined  character  on  the  composition  of  tests,  the  organization  of 
works  within  experimental  station,  its  operation,  saving,  and  in 
certain  cases  for  the  type  of  locations  and  required  area. 

All  the  other  equipment,  systems  and  the  devices  of  experimental 


station  are  subsidiary,  that  ensure  operation  of  engine  on  stand  and 

conducting  the  proper  measurements  and  monitoring  of  all  parameters, 

which  characterize  tested  engine. 


Chapter  II. 

BRAKES  AND  BRAKINS  DEVICES. 

§1.  General  recoin  a endat  ions  by  choice  cf  brake. 

in  the  beginning  of  the  design  of  testing  unit  or  selection  of 
equipaent  first  of  all  and  aainly  oust  be  solved  the  question 
concerning  brake  and  braking  device.  When  selecting  brake,  must  be 
solved  the  following  basic  questions: 

1.  Deterainat ion  of  the  type  of  braking  device  for  the 
satisfaction  of  the  following  technological  requireaents:  need  and 
the  provision  for  waraing  up  of  engine  during  its  sta rting /launchi ng ; 
the  need  for  cold  rolling  and  methods  of  its  conducting;  the 
provision  for  braking  engine  under  the  conditions  of  work,  the 
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conformity  of  power  and  revolutions  of  tested  engine  under  these 
conditions  with  possibilities  and  the  characteristic  of  brake; 
determination  of  a required  quantity  and  type  of  testing  units  in 
connection  with  the  selection  of  braking  device  for  conducting  the 
different  series,  commission,  standard  and  other  tests  and  the 
determination  of  the  possibility  of  the  unification  of  these 
installations;  tha  provision  for  power  measurement  of  engine  with  the 
necessary  accuracy /precision. 

2.  Economic,  connected  with  study  possibilities  and  advisability 
of  recuperation  of  mechanical  energy,  developed  with  engine  during 
its  testing.  Sinca  most  convenient  from  the  viewpoint  of  the  methods 
of  obtaining  and  use  of  the  taken  by  the  brake  from  the  tested  engine 
energy  is  electrical  energy,  braking  device  in  this  case  must  be 
simultaneously  and-  the  generator  of  alternating  or  direct  current 
with  the  conversion  of  the  latter  into  variable- 

lith  the  studying  of  economic  considerations  and  substantiation, 
are  must,  to  be  taken  into  account  initial  capital  investments  on  the 
acquisition  of  tha  brakes  of  their  power-supply  systems  and 
maintenance,  and  also  operating  costs  and  the  periods  of  the 
absorption  of  this  equipment. 

3.  Organizational  and  technical,  directed  toward  realization  of 


Wftr’ S 
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complex  overall  mechanization  and  automation  of  processes  of  tests  in 
series  and  mass  production  of  engines  and  in  particular  introduction 
of  programmed  control  during  engine  testing,  vbich  is  also  connected 
with  selection  of  type  of  braking  device. 

Page  17. 


Since  the  basic  equipment  of  unit  is  intended  for  the  prolonged 
period  of  operation,  when  selecting  brake,  also  must  be  studied  the 
questions,  connected  with  the  promising  possibilities  of  the 
rearrangement  of  production  or  changes  in  the  characteristics  of 
tested  engines.  Thus,  for  instance,  with  a possible  promising 
increase  in  the  power  of  engine  the  power  of  brake  group  :an  be 
subsequently  twica  size  because  of  setting  into  the  tandem  of  second 
the  same  brake.  In  this  case  the  shaft  cf  brake  must  be  selected  or 
ordered  from  the  condition  of  the  transmission  by  it  of  the  doubled 
power.  Must  be  also  examined  the  questions,  connected  with  the 
possibilities  of  the  realization  of  order  for  brake  rigging: 
construction,  manufacture,  delivery  specifications,  installation  and 
its  adjustment  during  introduction  into  operation. 


For  the  solution  to  these  questions,  one  should  examine  the 
basic  types  of  brakes,  reveal/detect/expose  their  comparative 
evaluation,  the  possibilities  and  the  fields  of  application. 


' 


r 
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§2.  Brakes. 

j 

1.  Classification  of  brakes. 

Since  the  power,  transferred  from  the  shaft  of  engine,  is 
absorbed  by  the  resistance  of  the  given  machine,  the  value  of  this 
resistance  determines  the  load  of  engine.  For  determining  the  power 
of  engine  during  its  testing,  is  applied  the  artificial  load  of 
engine  in  the  form  of  resistance  from  the  special  device,  called 
brake*.  During  the  rotation  of  the  shaft  of  engine,  the  loading 
device,  namely,  the  stator  of  brake,  absorbs  reactionary  torque, 
equal  to  the  torsional  moment  of  the  engine  which  is  balanced  by  the 
weight  or  other  strength  measuring  device  of  brake.  With  the  aid  of 
this  measuring  system  is  determined  by  force  P on  arm  R.  The 
multiplication  of  these  values  will  give  the  torsional  moment  M„. 

Knowing  speed  per  minute,  equal  n,  it  is  possible  to  determine 
effective  shaft  horsepower  of  engine  Nr , which  is  determined  from 
known  from  mechanics  to  the  expression 
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On  the  principle  of  operation  and  its  device  whole  of  the  brake, 
used  for  engine  testing,  can  be  classified  according  to  the  following 
basic  groups: 

a)  mechanical; 

* 

b)  air; 

1 

c)  hydraulic; 

d)  electrical; 

e)  induction; 

f)  combined. 

Page  18. 
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2.  Power  brakes 
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In  power  brakes  tihe  power  of  tested  engine  is  absorbed  by  the 
friction  of  shoes  or  brake  band  against  the  quill  sleeve  of  engine 
blcck. 


In  this  case  the  torsional  moment  of  engine  is  determined  with 
the  aid  of  the  lever,  fixed  to  shoes  tc  end  of  which  are  hung  up  the 
loads,  or  it  affects  weight  mechanism  or  dynamometer. 

To  main  disai vantages  in  these  brakes,  one  should  relate  the 
need  for  the  frequent  control  cf  brake  in  view  of  the  inconstancy  of 
the  coefficient  of  friction  between  the  block  and  shoes  or  between 
bands  and  the  block,  and  also  the  difficulties,  connected  cooled  of 
the  brake  pulley  by  the  water,  the  presence  of  spatter  during 
operation  and  others. 

As  a result  of  these  essential  shortcomings  the  at  pcesent  power 
trake  are  not  virtually  applied. 


3.  Air  brakes 
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For  air  brakes  can  be  applied  propellers,  fan  brakes,  the 
simplified  screw/propellers  or  bars  with  the  blades,  which  are 
■ount/fited  directly  to  the  shaft  of  engine  or  from  the  latter  are 
given  to  rotation.  In  all  cases  the  power  of  engine  is  absorbed  by 
air  resistance.  The  determination  of  power  in  this  case  can  be 
produced  by  three  systems:  by  applying  the  bob  frame  on  which  is 
establish/installed  the  engine,  on  rigid  stand  with  the  aid  of 
previously  calibrated  air  brake,  either  with  the  aid  of  torque  meter 
which  is  installed  on  brake  or  between  the  engine  in  air  brake. 

In  the  first  case  reactionary  torque  from  air  brake,  equal  in 
absolute  torque  of  engine,  is  transferred  from  brake  (screw/propeller 
cr  fan  brake)  to  engine  and  frame  and  is  caused  its  deviation  around 
longitudinal  trunnion  to  the  side,  reverse/inverse  to  the  rotation  of 
the  shaft  of  engine.  Frame  is  connected  with  weighing  device  or 
dynamometer,  with  the  aid  of  which  is  measured  the  effort/force, 
developed  with  tested  engine.  The  torsional  moment  and  the  power  of 
engine  are  determined  from  formula  (1)  . 

In  the  second  case  in  the  presence  of  rigid  stand,  to  measure 
the  torsional  moment  is  not  represented  possible.  Therefore  the 
determination  of  power  is  produced  on  revolutions  and  the  calibration 
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graph  of  this  air  brake,  conprised  on  the  standard  engine  whose 
characteristics  are  reaoved  preliminarily  at  another  special 
arrester. 

In  the  third  case  the  determination  of  power  is  produced  at  the 
torsional  moment,  measured  with  the  aid  of  torgue  meter  or  with  the 
aid  of  dynamometric  clutch. 

Page  19. 


Change  or  the  control  of  the  load  of  air  brake  is  produced  by 
applying  air  ad justable-pitchs  propeller  or  by  the  rearrangement  of 
load  blades.  The  latter  is  produced  by  hand  after  the  engine 
shutdown. 

Air  brakes  find  a use  during  testing  of  air-cooled  engines, 
including  aviation  piston  and  turboprop  engines.  This  is  explained  to 
the  facts  that  propellers  and  fan  brakes,  being  rotated,  is  created 
simultaneously  and  air  flow,  necessary  for  engine  cooling. 

Furthermore,  air  brake  imitates  the  actual  operating  conditions  of 
the  operation  of  these  engines,  that  sometimes  is  necessary  to  create 
during  testing. 


To  shortcomings  in  air  brakes,  one  should  relate  relative 
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unwieldiness  of  testing  units#  the  need  foe  their 

arrangement/permutation  for  the  isolated/insulated  boxes#  the  high 
cost/value  of  the  sound-deadening  devices  due  to  the  large  dimensions 
of  intake  and  exit  sections.  To  this  one  should  consider  economic 
unprofitability  and  the  practical  impossibility  to  utilize  enerqy  of 
engines  during  their  testing  on  these  brakes. 

In  the  first  case  of  applying  the  bob  stand  with  air  brake,  the 
accuracy  of  the  aeasurenent  of  power  can  be  raised  because  of  the 
account  of  corrections  for  blowout  froa  the  acceleration  of  air  flow 
by  the  t ime/tempor ary  setting  up  of  diffusor  grid  between  the 
screw/propeller  and  the  engine.  In  the  correctly  selected  and 
assembled  strength  measuring  systems  the  accuracy  of  measurement  can 
be  reached  within  limits  froa  »0-5  to  ±1. Oo/o  of  maximum  value  of 
measurement. 

In  the  second  case  this  accuracy/precision  virtually  can  be 
reached  little  more  than  within  limits  from  tl.O  to  + 2.0o/o. 

In  the  third  case  depending  on  the  used  constructions  of  the 
torque  meters  and  dynamometric  clutches,  the  accuracy  of  measurement 
ranges  from  *1.0  to  O.Oo/o. 


T 
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4.  Hydraulic  brakes. 
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The  principle  of  work  of  hydraulic  brakes  is  based  on  liquid 
resistance  to  the  displaceaent/movement.  of  the  rotating  part  of  the 
brake  - (rotor)  in  housing  - (stator),  which  has  bob  suspension  and 
the  measuring  system  of  the  torsional  moment.  By  construction  these 
of  brake  are  subdivided  into  disk,  that  have  into  rotor  several  disks 
with  finger/pins  or  holes,  and  spherical  with  the  shaped  rotor  on 
which  there  are  oval  pockets  or  blades  with  the  symmetrical 
arrangement  of  the  same  pockets  or  blades  on  stator. 


The  power  of  disk  brakes  is  usually  regulated  by  means  of  the 
filling  of  them  with  water,  such  of  brake  with  the  light  loads  of 
engine  work  unstably,  what  is  their  essential  shortcoming. 


Page  20. 


The  majority  of  brakes  with  the  spherical  shaped  rotor  is 
regulated  according  to  power  by  changing  rotational  resistance  of 
rotor  by  the  cover  of  water  by  the  shutter/valve,  which  moves  between 
the  rotor  and  the  stator,  and  also  a change  in  the  consumption  of  the 
water  through  the  rotor.  Such  of  brake,  although  they  are  more 
complex,  during  all  load  mode/conditions  work  stable.  The 
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longitudinal  section  of  this  brake  is  given  in  Fig.  1. 

The  stator  of  hydraulic  brake,  absorbing  the  torsional  moment  of 
engine,  because  of  its  bob  suspension  it  attempts  to  turn  itself  to 
the  side  of  the  rotation  of  shaft.  In  this  case,  it  is  balanced  by 
the  measuring  system  of  the  torsional  moment,  which  usually  together 
with  calibration  instrument  enters  in  the  assembly  of  supply  of 
system. 

The  control  of  power  during  a change  in  the  load  of  angine  can 
be  manual  or  mechanical.  During  load,  change  new  mode/cond itions  is 
establish/ installed  only  after  certain  time  after  control. 

Especially  this  is  related  to  the  brakes  which  are  regulated  by 
means  of  filling  with  water,  what  is  an  essential  shortcoming  in  the 
hydraulic  brakes.  Possessing  the  large  power  reserve,  hydraulic  brake 
are  sufficiently  compact  and  have  relatively  small  overall 
dimensions.  Therefore  they  can  be  manufactured  within  the  limits  of 
the  large  power  range  and  speeds. 

Fig.  2,  gives  the  general  view  of  the  slow  hydraulic  brake  of 

Q 

firm  "^puin ane- Proud e"  by  the  power  of  1^500  with  90/200  r/rain. 

The  majority  of  brakes  of  this  type,  intended  for  work  during 
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the  rotation  of  shaft  in  both  directions,  are  aanufacturei  reversive. 

One  Their  essential  shortcoaings  in  the  hydraulic  brakes  is  that 
fact  that  they  cannot  create  the  large  torsional  moment  on  low 
revolutions.  Therefore  they  have  the  slantoing  characteristic,  shown 
in  Fig.  3,  soaewhat  being  inferior  in  this  respect  to  electric  brakes 
and  even  in  larger  neasure  induction.  For  the  partial  elimination  of 
the  mentioned  shortcoming,  sometimes  it  is  necessary  to  apply  more 
powerful  hydraulic  brake  how  this  is  reguired  for  this  engine. 
Absorbed  by  hydraulic  brake  mechanical  energy  transfer/con  verts  to 
therahl,  which  is  transferred  primarily  by  flow  water.  The 
insignificant  part  of  the  heat  is  emitted  into  the  surrounding 
atmosphere . 


A required  quantity  of  cooling  water  for  a hydraulic  brake  can 
be  theoretically  determined  froa  the  equation  of  the  heat  balance 

Qh  — 632N,  = Gh  (t,HX 

whence 


632  S, 

t HHX  ' 


M'i, 


:*) 


where  Qh  is  a quantity  of  heat,  abstract/removed  by  water  from 
hydraulic  brake,  in  kcal/h; 

632  - the  guantity  of  heat,  isolated  per  hour  1 h.p. , in  kcal/hp 


^ • 


brake,  in  °C; 

f-r  - the  teaperature  of  the  water,  entering  the  brake,  in  °C. 
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Fig.  1.  Longitudinal  section  of  hydraulic  brake:  1 - dynan oueter 
(weight  head);  2 - tachoweter;  3 - regulator  of  tachoneter;  4 - lock 
of  bearing;  5 - radial  bearing  of  stator;  6 - wain  bearing;  7 - 
shaft;  8 - half -coupling;  9 - buck  stay;  10  - lower  half-yoke;  11  - 
sh  utte  r/ valve;  12  - hole  for  yield  of  water;  13  - rotor;  14  - 
elliptical  pockets  of  stator:  15  - pack  (ing)  nut;  16  - stuffing-box 
seal;  17  - valve/gate  of  feed  control  of  water;  18  - drainage  funnel 
19  - flange  of  feeding  water  pipe;  20.  the  flange  of  discharge  lead. 
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Pig.  2.  Overall  fora  of  Quinane-Fr oude  hydraulic  braice  with  power  of 
17,500  h.  p.  with  90/200  r/min. 


Page  22. 

To  avoid  the  formation  of  vapor  locks,  which  disturb  the 
t > culation  of  water,  for  providing  the  stable  operation  of  hydraulic 
fcra^e  the  teaperature  of  the  coning  out  water  must  be  not  above 
60-65°C.  When  the  closed  power-supply  systea  of  hydraulic  brakes  is 
present,  by  water  its  tenperature  in  sunner  is  25-30°C.  At  these 
values  the  consuaption  of  water  will  be  about  20  is  on  1 h.  p.  in  hour. 

With  feeding  fron  water-conducting  sains,  the  consuaption  will 
be  about  1 5 "t  on  1 h.p.  h.  The  aajority  of  brakes  for  stable  work 
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requires  the  provision  for  creation  of  constant  pressure  at  the  entry 
into  hydraulic  brake.  This  is  reached  by  the  setting  up  of  the 
regulator  of  constant  pressure  on  the  feeding  line  of  water  pipe  or 
by  the  arrangement  of  tanks  at  height/altitude  from  3 to  4 m above 
the  level  of  hydraulic  brakes-  In  this  case,  the  fixed  level  of  water 
in  tasks  is  supported  by  float  mechanism. 

The  duration  of  the  operational  service  life  of  work  of 
hydraulic  brakes  is  determined  mainly  by  the  wear  of  the  internal 
surfaces  of  water  cavities.  This  wear  especially  grow/rises  when 
there  are  present  in  water  mechanical  impurities  which  as  a result  of 
the  high  speeds  of  the  motion  of  water  and  under  the  effect  of 
cavitation  destroy  the  metallic  parts  of  the  water  cavities  of  brake. 
In  spite  of  shortcomings  indicated  above,  hydraulic  brakes  because  of 
their  power,  compactness  and  universality  find  wide  application 
during  testing  of  the  different  types  of  engines. 


5.  Electric  brakes. 


Recently  in  connection  with  the  research  in  the  USSR  of  the  new 
methods  of  regeneration  and  the  wide  development  of  electrical 
engineering  industry,  everything  in  larger  scale  find  a use  electric 
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brakes.  They  are  deprived  of  the  indicated  shortcomings ^^they  are 
machines  reversible.  In  the  majority  of  cases  as  electric  brakes, 
utilized  the  electric  motors  of  direct  aod  alternating  current. 

They  serve  as  drive  for  cold  rolling  and  starting/launching 
during  hot  tests  or  talcing  of  friction  horsepower. 


are 
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Fig-  3-  Coaparative  characteristics  of  brakes;  1 - induction  brake;  2 
- electric  brake  (machine  of  direct  current);  3 - hydraulic  brake. 

Page  23. 

During  the  transfer/transition  of  engine  testing  for  its  own  work 
(thermal  process)  the  power,  developed  with  engine,  is  transferred  to 
the  electric  brake  which  in  this  case  works  as  generator.  Thus,  the 
mechanical  energy,  developed  with  tested  engine,  is  converted  into 
electrical,  that  can  be  usefully  used: 

(everything  electric  brakes  possess  good  stability  in  all 
operating  nodes  and  provide  convenient  and  continuously  variable 
control  of  the  load  of  engine. 
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As  electric  brakes  for  engine  testing  of  internal  combustion, 
can  be  used  the  following  electrical  machines: 

a)  the  electric  motor  of  direct  current  in  common  performance; 

b)  the  bob  machine  of  direct  current;  ] 

i 

c)  asynchroBDus  electric  motor  with  phase  rotor  ani  with  the 
control  of  resistance,  included  in  the  circuit  cf  rotor; 

d)  asynchronous  or  synchronous  electric  motor  with  magnetic  slip 
coupling ; 

e)  the  same,  but  with  hydraulic  clutch  of  slip  or  hydraulic 
converter. 

During  operation  of  any  electrical  machine,  its  stator  as  a 
result  of  the  action  of  magnetic  forces  absorbs  the  torque/moment, 
equal  to  the  torsional  moment  of  the  tested  engine  which  rotates 
armature  shaft.  Therefore,  if  the  stator  of  electric  machine  has  the 
bob  suspension,  connected  with  weight  mechanism  or  dynamometer,  then 
it  will  be  possible  to  measure  this  torsional  moment,  but  by  it  and 
corresponding  to  it  to  revolutions  to  determine  the  power  of  engine 
is  analogous  with  power  measurement  on  brakes  examined  above. 


1 



^iL**-'**.* 

The  same  effect  can  be  obtained,  if  electric  motor  in  common 
performance  will  be  establish/installed  to  the  bob  frame  of  stand  or, 
on  the  contrary,  during  the  rigid  fastening  of  the  housing  of 
electric  brake  tested  engine  will  be  located  on  bob  platform. 


a 


From  the  viewpoint  of  the  measuring  technique,  all  these  methods 
are  equivalent.  However,  is  more  convenient  stand  for  an  engine  to 
have  rigid,  and  electric  brake  to  accept  with  the  bob  suspension  of 
stator  or  to  establish/install  electric  brake  upon  bob  platform. 

In  work  of  electric  machine  in  motoring,  i.e.,  as  electric 
servomotor,  the  torsional  moment  will  be  determined  by  the  power 
input  of  the  given  by  it  tested  engine  and  will  be  directed  to  the 
counterrotation  of  anchor.  In  generator  mode,  i-e.,  during  braking  of 
tested  engine,  the  torsional  moment  on  stator  is  equal  to  the 
torsional  moment  of  engine  and  it  is  directed  to  the  side  of  the 
rotation  of  anchor. 

For  the  contemporary  constructions  of  dynamometers  in  the 
correctly  selected  system  of  bob  suspension  by  electric  brake  can  be 
reached  the  accuracy  of  the  measurement  of  power  within  limits  of 
^0*25-0.50/0  from  the  maximally  measured  effort/force. 
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In  the  case  of  applying  the  electric  motors  in  common, 
stationary  performance  and  with  failure  on  the  stand  of  bob  device  in 
an  indicated  manner  to  measure  the  torsional  moment  is  not 
represented  possible.  In  this  case  the  power  of  tested  engine  is 
determined  only  from  wattmeter.  As  a result  of  losses  in  electric 
machine  and  mains  of  the  electrical  devices,  which  are  variable 
values,  the  accuracy/precision  of  power  measurement  in  an  indicated 
manner  will  be  located  of  3-5o/o. 

The  bob  machine  of  direct  current  is  one  of  the  most  modern  and 
general-purpose  brakes.  This  type  of  brake  frees  from  the  need  for 
the  device  of  bob  frames  or  platforms. 

For  the  machines  of  direct  current  the  most  convenient  method  of 
feeding  and  controls  over  a wide  range  of  revolutions  and  braking 
moment  is  Leonardo's  diagram,  extruded  by  the  recently  mercury 
adjustable  rectifier.  In  this  case,  each  bob  machine  during  its  work 
is  serviced  by  one  aggregate/unit,  which  are  of  the  electric  motor  of 
alternating  current  and  the  given  by  it  direct-current  generator,  or 
one  mercury  adjustable  rectifier.  The  power  of  this  conversion  unit 
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as  a result  of  sone  losses  is  accepted  sonewhat  higher  than  the  power 
of  bob  machine.  Usually  conversion  units  are  accepted  in  a quantity 
snaller  than  the  nuaber  of  bob  nachines,  since  is  considered  the 
diversity  factor  of  their  wcrk.  In  this  case  is  provided  for  the 
possibility  of  the  connection  of  bob  nachine  to  any  of  that  which  are 
being,  or  to  any  of  the  group  of  conversion  units,  that  which  was  not 
occupied  at  given  torque/nonent. 

Despite  the  fact  that  this  type  of  electric  brake  with  converter 
requires  several  large  initial  capital  investments,  all  the  sa  ire  it 
aakes  it  possible  of  its  wide  use  during  tests  according  to  different 
programs.  Besides  conducting  of  rolling,  waning  up  for 
starting/launching  and  braking,  it  also  provides  taking  friction 
horsepower,  the  deteraination  of  efficiency,  but  during  endurance 
tests  it  still  aakes  it  possible  to  carry  out  regeneration.  This  is 
why  this  type  of  electric  brake  successfully  is  applied  for  research 
and  standard  tests  of  the  different  type  of  engines,  especially  in 
pilot  plants  and  axperiaental  laboratories.  The  general  view  of  bob 
aachine  with  the  bean  balance  measuring  system  of  the  torsional 
moment  is  given  in  Fig.  4. 

From  series  speciaen/saaples  at  present  Soviet  industry  supplies 
bob  nachines,  also,  to  them  conversion  units  up  to  800  kW  in 
thickness.  During  connection  into  the  tanden  of  such  two  nachines. 


I 
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the  total  power  can  be  obtained  to  2000  hp.  The  manufacture  of  more 
powerful  machines  requires  Individual  order. 

Page  25. 

To  common  shortcomings  in  electric  brakes,  one  should  relate 
their  limited  possibilities  the  range  of  maximum  revolutions.  Cf  the 
electrical  machines  of  direct  current  by  power  from  several  dozen  to 
800  kH  the  maximum  rpm  compose  with  respect  to  6000-4000  r/min.  For 
all  electrical  machines  of  larger  power,  maximum  speeds  will  be 
within  limits  1500-3000  r/min.  The  use  cf  electrical  machines  for 
braking  of  the  high-speed  engines,  which  have  on  output  shaft  the 
speed,  which  exceeds  the  permissible  revolutions  of  electric  brake, 
is  possible  only  in  that  case  if  between  the  tested  engine  and  the 
electric  machine  will  be  introduced  the  reducer,  which  depresses  the 
transferred  revolutions.  However,  with  large  powers  and  high 
revolutions,  this  reducer  will  represent  complex  aggregate/unit.  To 
account  for  in  the  reducer  of  losses;  which  are  the  value  of 
variable,  it  is  necessary  it  to  install  on  common/general/tota 1 
dynamometric  platform  (according  to  type  Fig.  10k)  or  to  place  on 
independent  bob  suspension  with  their  cwn  measuring  system.  Such 
solutions  considerably  complicate  testing  unit.  Therefore  they  can 
find  finding.  Shortcomings  in  the  separate  constructions  of  powerful 
electrical  machines  include  also  the  need  for  the  device  of  basement 
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foe  the  arrangeaent  of  ventilation  systems  foe  the  purpose  of  supply 
from  below  the  aachine  of  air  for  their  ceding. 

In  comparison  with  the  hydraulic  brakes  of  electric  brake,  they 
have  somewhat  more  steepness  (see  Fig.  3)  and  more  convenient  control 
systea,  that  better  yielding  to  automation. 

6.  Induction  of  brake. 

Induction  of  brake  are  based  on  the  interaction  of  vortex/eddy 
Foucault  currents  and  magnetic  flux,  formed  during  inductor  in  stator 
which  has  circular  field  coil.  Inductor  or  rotor  is  the  rotating  part 
of  the  brake  and  is  the  double-row  gear,  manufactured  from  low-carbon 
steel  for  providing  good  magnetic  permeability.  Teeth  in  section/cut 
have  rectangular  or  trapezoidal  form  and  do  not  require  the  high 
accuracy/precision  of  the  manufacture  of  their  airfoil/profile. 
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Fig-  4.  General  view  of  bob  machine  with  bean  balance  dynamometer. 

Page  26. 

Inductor  is  arrange/located  in  the  stator,  which  consists  of  two 
halves  within  which  is  placed  the  field  coil  whose  plane  is 
perpendicular  to  longitudinal  brake  axle.  The  schematic  diagram  of 
induction  brake  is  given  in  Fig-  5- 

within  stator  ace  inserted  the  steel  sleeves,  which  possess 
large  magnetic  permeability.  For  providing  the  equal  to  permeability, 
air  gap  between  the  inductor  and  sleeves  must  be  as  far  as  possible 


minimum. 
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During  the  excitation  of  coil  by  direct  current  is  formed  the 
circular  magnetic  field,  which  magnetizes  the  teeth  of  the  inductor 
of  each  series  by  unlike  poles,  as  this  is  shown  in  Fig.  5.  As  a 
result  of  this  on  the  edges  of  the  teeth  of  inductor,  are  formed  the 
local  concentrations  of  magnetic  flux.  During  the  rotation  of  rotor, 
the  surface  of  the  internal  sleeves  above  and  between  the  teeth  of 

4 

inductor  on  turn  is  magnetized  and  is  deaagnitized,  in  consequence  of 
which  in  sleeves  appear  the  eddy  currents.  The  interaction  of 
vortex/eddy  Foucault  currents  with  resulting  magnetic  field  of 
machine  creates  required  braking  moment. 

For  its  determination  the  housing  cf  stator  has  bob  suspension 
and  measuring  system  analogous  with  bob  electrical  machines.  The 
torsional  moment,  received  by  stator,  is  directed  to  the  side  of  the 
rotation  of  shaft.  The  longitudinal  section  of  the  general  view  of 
induction  brake  is  given  in  Fig.  6. 

Thus,  occurs  the  conversion  of  mechanical  energy  into  electrical 
and  further  - into  thermal.  Basic  part  of  thermal  energy  is 
transferred  to  stator  and  partially  to  rotor.  For  the  removal  of  this 
heat  within  brake,  is  provided  for  the  system  of  water  cooling.  There 
are  constructions  of  the  brakes  into  which  the  water  is  passed 
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through  stator-rotor  unit,  or  only  through  the  stator.  In  the  latter 
case  the  excess  haat  is  transferred  to  stator  by  emission/radiation. 
The  cooling  system  of  the  first  reguires  the  provision  of  constant 
pressure  at  the  entry  into  brake,  since  eater,  which  is  located 
between  the  rotor  and  the  stator,  during  pressure  change  in  supply 
line  can  influence  the  stability  of  work  of  brake.  In  other 
constructions  the  water  for  larger  cooling  efficiency  enters  stator 
under  the  pressure  of  water-conducting  mains;  changes  in  this 
pressure  do  not  affect  the  operation  of  brake,  since  the  rotor  is  not 
filled  by  water.  The  specific  consumption  of  water  on  1 h.  p.  will  be 
the  same  as  and  for  hydraulic  brakes,  and  is  determined  from  formula 
(2). 

The  limiting  value  of  braking  moment  is  determined  by  the 
density  of  the  magnetic  field  of  the  teeth  of  inductor.  Even  at  the 
low  speed  of  rotation  this  torque/moment  composes  the  significant 
magnitude.  Therefore  the  characteristic  features  of  induction  brake 
consist  in  the  fact  that  it,  possessing  high  energy  content,  it  can 
develop  complete  brake  horsepower  already  at  the  speed  of  rotation, 
component  only  20-25o/o  of  the  complete  revolutions.  Therefore  its 
brake  characteristic  goes  steeply  upward,  considerably 
anticipate/leading  the  characteristics  of  all  other  brakes  (see  Fig. 

3). 
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with  teeth);  2 - stator  (front/leading  half);  3 - field  coil;  4 - 


slee  ve. 

Key:  (1)  Input;  (2)  Water;  (3)  Output. 


Fig.  6.  Longitudinal  section  of  induction  brake:  1 - dynamometer 
(weight  head);  2 - feeding  water  pipe;  3 - drainage  water  pipe;  4 - 
field  coil;  5 - stator;  6 - inductor  (rotor) ; 7 - generator  of 
automatic  control;  8 - holder  of  bearing  of  bob  suspension;  9 - shaft 
bearing  of  inductor. 
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Page  28. 

This  is  the  very  valuable  special  feature/peculiarity  of  induction 
brakes,  since  in  a number  of  cases  only  they  can  ensure  braking  the 
engines  and  other  mechanisms  (different  hydraulic  transmission, 
hydraulic  converters,  electric  motors,  etc.)  if  necessary  for  their 
testing  according  to  abrupt/steep  brake  characteristic. 

The  power,  required  for  the  feeding  of  field  coil,  is 
insignificant,  it  comprises  less  than  0.4-0.5o/o  of  the  power  of 
brake.  This  feeding  by  direct  current  can  be  realized  from  the 
selenium  rectifier  or  another  source.  The  control  of  the  load  of 
brake  is  achieved  by  a change  of  the  current  strength  in  field  coil. 
In  view  of  the  fact  that  this  control  is  sufficiently  simple  and 
reliable,  it  easily  can  be  automated. 

Induction  brake  is  the  reversive  irreversible  machine,  since  it 
is  incapable  to  work  in  motoring  as  drive,  what  is  its  essential 
shortcoming.  However,  the  characteristic  feature  of  this  brake  is 
that  it  barely  has  any  limitations  of  application/use,  with  the 
exception  of  strength,  and  therefore  it  can  be  created  to  the  wide 
range  of  revolutions  and  powers,  including  high-speed  of  brake.  The 
duration  of  its  operational  resource/lifetime  is  sufficiently  great 
and  can  be  equal  to  electrical  machines.  In  recent  years  induction  of 
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trake  in  us  and  abroad  received  wide  acceptance.  Many  leading  motor 
vehicle  plants  and  some  engine-building  plants  successfully  their  are 
utilized  and  they  further  expand  the  field  of  their  application/use- 
Fig.  7,  gives  induction  brake  by  the  power  of  6000  h.p.  with 

Q 

1500/3000  r/min  of  firm  ”^»inane-ProudeM*  paired  of  two  brakes  on 
3000  h.p.  each. 


sal ■ mm i 
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Fig.  7.  General  view  of  induction  brake  ^uinane-  Froude,  that  is  of 
two  machines,  connected  into  tandem,  overall  power  of  6000  hp-  Power 
of  each  brake  3000  h.  p.  with  1500/3000  r/min. 

Page  29. 

§3.  Braking  devices. 

Braking  devices,  adjustable  between  the  tested  engine  and  the 
brake,  include  mainly  the  clutches  of  cohesion/coupling,  ceducecs  and 
slipping  clutches.  The  latter  combine  in  itself  the  functions  cf 
first  two,  i.e.,  cohesion/coupling  engine  with  brake  and  the 


reduction  of  speed. 
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Therefore 
of  two  devices, 
facilities. 


slipping  clutches,  which  are  the  rational  combination 
had  extensive  application  in  propulsion  test 


1.  Magnetic  slip  couplings. 


Electromagnet ic  (induction)  slipping  clutch  is  intended  for  the 
smooth  conversion  of  the  rate  of  the  rotation  of  the  shaft  of 
driving/homing  engine  to  the  given  aggregate/unit-brake.  This  clutch 
seemingly  replaced  by  itself  reducer  with  unlimited  gear  ratio. 
Electromagnetic  coupling  is  created  according  to  the  principle  brake 
examined  above  of  induction  and  consists  of  two  half-couplings.  One 
Of  them  is  connected  mechanically  with  electric  motor,  and  the  second 
is  inductor  and  it  is  arrange/located  within  the  first  - the  anchors, 
isolated  in  the  circumference  between  themselves  the  low  air 
clearance.  The  schematic  diagram  of  electr cmagnetic  coupling  is  shown 
in  Fig.  8. 

Inductor  is  double-row  gear  made  of  low-carbon  steel  with  the 
rectangular  or  shaped  teeth  and  has  one  circular  field  coil  whose 
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axle/axis  coincides  with  the  axle/axis  of  the  shaft  of  clutch.  The 
teeth  of  the  inductor  perform  the  role  of  the  magnetic  poles  of 
electric  machine. 

Anchor  also  is  fulfilled  made  of  low-carbon  steel  and  has 
longitudinal  slots  in  internal  part  for  an  increase  in  the 
transferred  torque/moment  and  groove/slcts  cn  exterior  - for  an 
improvement  in  the  ventilation  cooling  of  clutch. 


k 


The  general  view  of  electromagnetic  coupling  is  given  in  Fig.  9. 


If  we  set  in  motion  the  inductor  over  coil  of  which 
occur/flow/lasts  direct  current,  then  the  internal  part  of  the 
anchor,  turned  to  inductor,  will  experience/test  a change  in  the 
magnetic  flux.  This  will  cause  the  formation  of  eddy  currents  in  this 
part  pf  the  anchor.  The  interaction  of  vortex/eddy  armature  currents 
with  the  magnetic  flux  of  inductor  creates  the  torsional  moment  of 
clutch.  Than  is  more  field  current  and  the  greater  the  slip  of 
clutch,  i. e.,  the  relative  rate  between  the  anchor  and  the  inductor, 
those  will  be  more  eddy  currents,  and  consequently,  the  greater  there 
will  be  the  torsional  moment,  transferred  by  clutch. 
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Pig-  8.  Electromagnetic  slip  coupling:  1 - leading  half-coupling;  2 - 
driven  half-coupling;  3 - housing  of  clutch;  4 - field  coil. 


Page  30. 


This  property  of  induction  clutch  makes  it  possible  to  regulate 
the  rotation  of  the  shaft  of  tested  engine  in  the  process  of  cold 
rolling,  and  to  also  obtain  the  constant  velocity  in  the  shaft  of 
electric  motor  at  the  different  rates  of  the  operation  of  tested 
engine  under  load.  During  the  cold  rolling  when  electric  motor  works 
in  motoring  as  dri ving/homing  engine  at  the  constant  rotational 
speed,  at  the  initial  stage  of  rolling,  the  revolutions  of  shaft  of 
tested  engine  they  must  be  small,  in  this  case  in  clutch,  occurs 
large  slip  and  field  current  will  be  small-  For  the  increase  in  the 
speed  of  the  shaft  of  engine,  which  passes  rolling,  field  current  in 
clutch  it  is  must  increase,  and  its  slip  decreases.  During  tests 
under  load  in  the  initial  stage  when  the  revolutions  of  the  shaft  of 
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the  test  engine  even  lower  than  nominal  revolutions  of  electric 
motor,  clutch  it  works  without  slip  and  field  current  in  it  will  be 
large.  If  necessary  for  a further  increase  in  the  speed  of  tested 
engine,  one  should  decrease  the  current  of  excitation.  In  this  case, 
the  slip  in  clutch  it  will  be  the  greater,  the  more  the  revolutions 
cf  the  shaft  of  tested  engine  they  exceed  rated  r/nin  of  electric 
motor.  Last/latter,  having  constant  velocity,  it  can  work  as  brake 
and  as  current  generator,  i-e. , recuperated  work.  In  that  case  for 
these  purposes,  can  be  used  the  machines  of  alternating  current. 

As  a result  of  slip  in  clutch  will  occur  the  loss  of  certain 
part  of  the  energy  in  the  form  of  the  heat,  emitted  into  surrounding 
air.  these  losses  they  will  be  the  greater,  than  the  more  transmitted 
power  and  is  more  slip.  Therefore  construction  described  above  of 
clutch  reliably  works  only  at  power  to  500  hp.  At  the  larger  power  of 
slipping  clutch  in  the  case  of  continuous  operation,  they  require  the 
introduction  of  additional  cooling,  which  complicates  the 
construction  of  clutch.  A change  of  the  field  current  in  this  clutch, 
and  consequently  also  its  control,  can  be  automated. 


5? 
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Chapter  £11. 

TYPES  OF  TESTING  UNITS. 

§1.  Testing  units  without  regeneration. 

The  nechanical  energy,  developed  with  engine  during  its  own  work 
(heat-engineering  tests),  in  its  najority  usefully  is  not  utilized, 
but  it  is  only  absorbed  by  brake. 

Season  to  this  they  are  nainly:  the  snail  duration  of  tests, 
frequent  changes  in  the  operating  nodes,  complexity  and  high  costs  of 
recuperation  devices,  are  not  created  the  economic  effect,  obtained 
from  the  use  of  aechanical  energy  of  engine. 

Only  eass  production,  which  requires  the  continuous  conducting 
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of  the  heat  engineering  tests  of  several  engines  is  simultaneo us,  are 
created  the  economic  advisability  of  the  organization  of  the  constant 
use  of  mechanical  energy  of  engines  and  its  transformation 
(recuperation)  into  electrical  for  the  needs  of  the  production  or 
other  target/purposes. 

Let  us  examine  at  first  thermal  testing  units  without 
recuperation  according  to  their  types  and  desigqation/purpose.  The 
type  of  testing  unit  is  determined  mainly  by  designation/purpose  and 
the  character  of  tests,  by  type  and  the  power  of  the  engines,  which 
are  subject  to  tests. 

I 

Usually  testing  units  are  called  on  braking  device,  since  the 
type  of  brake  has  decisive  effect  on  the  character  of  an  entire  unit. 

In  the  diagrams,  given  Fig.  10,  shews  the  possible  versions  of 
the  arrangement  of  braking  devices  at  testing  units,  support  systems 
and  the  accessories,  which  forms  part  of  these  installations,  on 
diagrams  are  not  conditionally  shown. 


Let  us  examine  the  basic  possible  regions  of  use  of  sepat ate 
installations  according  to  their  types. 


jx''  -- 
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1.  Unit  foe  cold  cun-testing  of  engines.  {Fig.  10a). 


If  necessary  of  conducting  cold  rclling  and  impossibi lity  of  its 
realization  at  basic  test  benches  are  accepted  special  stands 


according  to  the  indicated  diagram. 


Page  32. 


As  drive  for  them,  serves  the  electric  motor  of  direct  or  alternating 
current.  Direct-current  motor  will  require  electric  power  supply  from 
the  conversion  unit  which  can  service  several  stands.  With  this 
engine  can  be  provided  continuously  variable  control  of  speed  in  the 
different  mode/conditions  of  cold  rolling.- 


During  the  use  of  an  electric  motor  of  alternating  current,  its 
control  can  realize/acconplish  only  by  step/stages  with  the  aid  of 
charging  resistance. 
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Fig.  10.  Schematics  of  the  testing  units:  a)  unit  for  the  cold 
rolling  of  engines;  b)  bob  stand  with  air  brake;  c)  rigid  stand  with 
air  brake;  d)  hydraulic-brake  testing  unit;  e)  hydraulic-brake 
testing  unit  with  forced  blowout  and  starting/launching  electric 
motor;  f)  electric  brake  unit  with  the  bob  machine  of  direct  current 
g)  electric  brake  unit  with  two  bob  machines  of  direct  current;  h) 
electric  brake  unit  with  the  machine  of  direct  current, 
establish/installed  on  bob  platform;  i)  electric  brake  unit  with 
hydraulic  coupling  and  electric  motor  of  alternating  current  (tested 
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engine  - on  the  bob  platform);  j)  electric  brake  unit  with  magnetic 
slip  coupling  and  the  electric  motor  of  alternating  current, 
establish/ installed  on  bob  platform;  k)  testing  unit  with  induction 
brake;  1)  the  combined,  brake  testing  unit. 


Page  33. 

At  such  units  for  rate,  change  can  be  also  used  gearboxes  and  the 
special  clutches,  which  convert  the  revolutions  of  electric  motor 
during  transmission  to  the  broken  in  an  engine.  Since  the  cold 
rolling  is  required  only  for  piston  engines,  the  field  of  application 
of  these  installations  to  these  engines  is  limited. 

A shortcoming  in  the  organization  of  conducting  cold  rolling  at 
special  burnishing  stands  is  the  unavoidable  in  this  case  expenditure 
of  time  for  additional  setting  and  photography  of  engine,  which  on 
the  general-purpose  stands  where  is  combined  rolling  with  heat  test, 
is  absent. 

The  necessary  power  of  electric  servomotor  will  depend  on 
construction  and  power  of  the  broken  in  an  engine  and  required 
revolutions  of  shaft  during  its  rolling.  If  greatest  speed  during 
rolling  is  accepted  in  size/dimension  of  60o/o  of  nominal  engine 
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revolutions,  then  the  necessary  driving  power  will  comprise 
approximately  12-15o/o  of  nominal  power  of  engine.  In  this  case,  the 

i 

sparkplugs  or  fuel  injectors  in  jugs  must  be  inverted. 


2.  Bob  and  rigid  stands  with  air  brake  (Fig.  10b  and  c) . 

On  these  testing  units  basic  information  and  the  field  of  their 
application/use  is  given  above. 

Here  one  should  add  that  in  the  case  of  applying  the  testing 
units  with  propellers  for  their  normal  operation  must  be  created  the 
specified  aerodynamic  conditions,  under  which  the  outline/contour  of 
the  location  of  unit  must  have  minimum  resistance.  Air  flow  before 
the  sere v/ propeller  must  be  rectilinear,  with  uniform  density,  and 
screw/propeller  itself  must  be  furnished  in  diffuser  or  in  diaphragm. 
The  examination  of  these  installations  does  not  enter  in  our  problem. 


3.  Hydraulic-brake  testing  unit  (Fig.  lOd)  . 


Hydraulic- bra ke  unit  can  be  used  for  testing  the  different  types 
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of  the  piston  internal  combustion  engines  and  gas  turbines.  This  unit 
can  be  used  when  cold  rolling  is  not  reguired  (or  it  is  carried  out 
on  the  separate  stands) , but  engine  starting  on  wall  can  be  produced 
from  its  starter. 

For  the  feeding  of  hydraulic  brake,  the  unit  requires  supply  and 
derivation,  also,  in  many  instances  with  the  provision  for  a pressure 
constancy  at  the  entry  into  brake. 

Page  34. 

When,  at  the  experimental  station,  several  hydraulic- brake 
installations  are  present,  is  expedient  the  device  of  closed  system 

1 

cooled  of  circulation  water  in  saltpan  or  the  spray  pond.  The  cooling 
system  can  be  common  with  ether  water  users  in  enterprise.  In  the 
case  of  water  supply  from  water-conducting  grid/network,  is  necessary 
the  unit  of  the  mixing  tank  which  simultaneously  can  be  forcing  with 
ejection  of  the  excess  of  water  into  channelization. 


4.  Hydraulic  brake  unit  with  blowout  and  starter  electcic  motor. 
(Fig.  lOe)  . 
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This  unit  is  characterized  by  from  preceding/previous  the 
presence  of  the  systea  of  forced  blowout  and  the  additional  unit  of 
electric  motor  for  starting/launching  or  warming  up  of  tested  engine. 
Is  applied  it  mainly  for  testing  of  various  piston  internal 
combustion  engines  cf  air  cooling  or  fcr  experimental  works  on 
single-cylinder  unit.  It  can  also  be  applied  either  only  with 
ventilation  system,  or  only  with  additional  electric  motor.  The 
latter  is  selected  depending  on  the  conditions  of  starting/launching 
or  warming  up  and  can  be  direct  or  alternating  current  with  feeding 
to  the  similar  electric  motors  of  the  installations  of  cold  rolling. 

After  starting/launching  starting/launching  electric  motor 
automatically  is  disconnected  from  hydraulic  brake  with  the  aid  of 
by-pass  or  electromagnetic  coupling  of  cohesion/coupling.  The 
ventilation  system  of  unit  is  determined  by  a required  quantity  of 
cooled  air  and  by  air-stream  velocity.  The  air  duct  of  blowout  can  be 
fed  tp  engine  on  top,  from  the  side  or  from  below  braking  device- 

Por  installations  with  forced  blowout,  the  intended  for  testing 
piston  air-cooled  engines  with  one  or  several  cylinders,  the  air  flow 
rate  can  be  approximately  determined  by  the  following  formula, 
obtained  experimentally: 


S 3 H M 
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where  Qnx  is  air  flow  rate  for  engine  cooliag  in  kg/s;  Nt  is  the 
indicated  power  of  engine  in  h.p.  ; tu  is  teaperatare  of  cylinder 
head  of  candle  in  °C;  tox  is  temperature  of  the  air,  supplied  to 
engine,  in  °C. 

For  cooling  of  such  engines,  usually  is  provided  for  independent 
system  with  high-pressure  fan.  Air  duct  for  engine  cooling  must  be  as 
far  as  possible  conducted  nearer  to  jugs.  Air  after  cooling  can  head 
for  the  receiving  branch  connection  of  ejector  tube  or  for  the 
special  exhaust  system. 

Page  35. 


5.  Electric  brake  units  with  the  machines  of  direct  current  (Fig. 
10f,  g,  h)  . 


The  unit  with  one  bob  machine  of  direct  current,  shown  in  Fig. 
lOf,  is  general-purpose  and  can  be  used  for  testing  the  wide  circle 
of  the  different  types  of  engines  with  the  speed  of  output  shaft  not 
more  than  4000-6000  r/min,  depending  on  power  and  the  construction  of 
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electric  brake  equipment-  A similar  unit  requires  the  feeding  by 
electric  power  of  the  conversion  unit:  motor  generator  or  mercury 
rectifier,  which  as  far  as  possible  must  be  furnished  near  the  test 
benchi  Due  to  high  cost/value  and  the  complexity  of  electrotechnical 
eguipnent,  this  unit  is  applied  mainly  for  standard,  control  or 
experimental  tests.  The  unit  in  question  during  continuously  variable 
control  of  the  speed  from  minimal-stable  to  maximum  revolutions 
provides  the  high  accuracy  of  measurements  of  the  torsional  moment. 

Analogous  to  the  preceding/previous  Fig.  lOg  shows  arrester  with 
two  bob  machines  of  direct  current,  arrange/located  tandem.  This 
articulation  is  necessary  when  are  encountered  difficulties  in 
obtaining  of  the  bob  machine  of  the  required  power  or  the  available 
in  the  presence  machines  are  insufficient  with  power.  A double 
increase  in  the  power  of  brake  group  is  necessary  and  when  on  one 
stand  test  different  in  power  engines,  curing  testing  on  this  stand 
of  subminiature  motors,  the  second  brake  is  disconnected,  and  for 
high-powereds  engine  both  brakes  work  together.  In  the  paired  work 
the  measuring  system  of  the  torsional  moment  caij  be 
common/general/total,  when  the  stators  cf  electric  motors  are 
connected  by  conmon/general/total  lever/crank  system  or  equipped  with 
individual  measuring  systems.  In  the  latter  case  of  reading  both 
dynamometers  or  weight  heads,  they  are  totaled. 
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It  is  necessary  also  to  keep  in  Bind  that  in  the  joint  operation 
of  both  electric  aotors  the  shaft  of  the  first  of  them  will  bear 
double  load,  and  therefore  its  strength  must  be  provided  by  the 
limits  of  allowable  stresses  on  torsion.  Soae  types  of  the  bob 
machines  of  catalogue  mark/brands  have  shafts#  which  allow  for  of  the 
transaission  of  double  power. 

In  any  case  this  strength  requirement  aust  be  specified  with  the 
order  of  machines,  in  each  individual  case  checked  them,  if  such 
machines  are  in  the  presence. 

Besides  installations  examined  above  with  bob  machines,  for  a 
brake  can  be  used  the  electric  motcr  of  direct  current  in  common 
performance.  In  this  case  by  means  of  the  setting  of  the  machine  of 
direct  current  or  tested  engine  to  bob  platform  the  measurement  of 
power  can  be  produced  on  wattmeter  with  the  approximate 
accuracy/precision  within  limits  of  3- 5o/o  or  by  dynamometer  with 
higher  accuracy/precision  within  limits  of  Q.5-lo/o. 

Page  36. 


On  the  scheaatic  lOh  in  question  is  shown  the  unit  of  electric  motor 
on  bob  platfora  with  the  beam  balance  measuring  system  of  the 
torsional  aoaent.  The  field  of  application  of  this  unit  is  the  same 
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as  for  those  who  were  given  it  is  above. 

6.  Electric  brake  units  with  electric  motors  of  alternating  current 
(Fig.  10i,  j). 

Unlike  testing  units  ezaained  above  brake  wide  application  as 
brakes  found  the  coaaon  standard  asynchronous  and  synchronous 
electric  motors  of  alternating  current.  Furthermore,  in  these  units 
enter  hydraulic  coupling,  hydraulic  transmission  or  hydraulic 
converter,  designated: 

a)  for  decrease  and  the  smooth  change  in  the  speed  of  electric 
motor,  which  rotates  at  constant  velocity,  in  its  work  in  motoring 
for  providing  the  start-up  conditions  cr  cold  run-testing  of  tested 
engine ; 

b)  for  reduction/descent  and  alignment/levelling  of  speed  on  the 
necessary  constant  velocity  of  the  rotation  of  electric  motor,  for 
operational  provisions  for  its  in  generator  mode,  with  regeneration, 
under  conditions  of  braking  tested  engine. 


As  hydraulic  coupling  can  be  used  the  hydraulic  transmissions 


-JXZZ 
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and  the  hydraulic  converters,  already  nastered  by  industry,  different 
types  according  to  power,  designation/purpose  and  with  different 
nominal  limits  on  the  adjustable  velocity.  They  begin  to  find  wide 
application  in  industry  and  in  the  field  of  transportation  l. 

FOOTNOTE  ».  At  present  hydraulic  transmissions,  mainly  for  diesel, 
locomotives  and  for  the  drives  of  drilling  rigs,  are  manufactured 
with  the  Kaluga  and  Murom  Machine  Building  Plants.  ENDFOOTNOTE. 

Fig.  lOi,  shows  standard  electric  brake  unit  with  hydraulic 
coupling  and  electric  motor  of  alternating  current. 

It  should  be  noted  that  by  similar  units  the  surplus  of  power, 
lost  in  hydraulic  coupling  at  the  velocity  of  engine,  which  exceeds 
the  necessary  velocity  of  generator,  is  converted  into  the  heat, 
which  goes  to  heating  of  oil  in  clutch,  which  one  should 
abstract/remove  into  the  water-cooled,  which  circulates  in  water-oil 
radiat ors. 

Power  measurement  of  engine  can  be  realize/accomplished  either 
by  applying  the  bob  platform  with  dynamometer,  or  unit  on  the  shaft 
between  the  engine  also  of  the  hydraulic  transmissions  of 
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dynamometric  clutch  for  the  measurement  of  the  torsional  moment. 

On  the  indicated  schematic  the  engine  mount  for  an  engine  is 
arrange/located  on  bob  platform  with  the  trunnion,  arrange/located  of 
below  center  of  engine.  In  this  unit  the  electric  motor  easily  is 
connected  to  the  plant  grid/network  of  alternating  current  without 
any  converter  devices. 

Page  37. 

Units  of  such  type  can  be  applied  for  testing  of  different  in  power 
piston  engines  and  gas  turbines. 

Fig.  10 j,  shows  electric  brake  unit  with  magnetic  slip  coupling 
and  the  electric  motor  of  alternating  current. 

Unlike  testing  unit  examined  above  here  instead  of  the  hydraulic 
coupling  for  the  transformation  of  the  speed  is  used  magnetic  slip 
coupling  as  simpler  in  design  and  in  the  operation  which  is 
establ ish/ installed  between  output  shaft  of  engine  and  braking 
device. 


On  the  given  schematic  during  the  rigid  fastening  of  tested 
engine,  the  electric  motor  together  with  magnetic  slip  coupling  is 
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establish/installed  on  bob  platform. 


7.  Testing  unit  with  induction  brake  (Fig.  10k). 


Because  of  the  great  possibilities  of  induction  brake,  in 
producing  of  the  necessary  brake  horsepower  or  welocity  of  rotation 
and  obtaining  necessary  brake  characteristic  this  stand  of  high-speed 
engines  or  engines  with  the  large  torsional  moments  on  the  low 
revolutions  in  a number  of  cases  will  be  the  only  possible. 


8.  Combined  brake  testing  unit  (Fig.  101)'. 


Of  the  combined  units  braking  device  consists  of  the  hydraulic 
or  induction  brake,  connected  with  the  bob  machine  of  direct  current. 
This  layout  makes  it  possible  to  produce  on  stand  launchin g/starti ng, 
warming  up,  cold  rolling  and  removal/taki mg  friction  horsepower.  Hith 
these  operations  hydraulic  or  induction  brake  runs  free  as  flywheel; 
absorbed  to  then  friction  horsepower  on  the  revolutions  interesting 
can  be  determined  previously.  During  engine,  testing  bob  electric 
machine  can  work  together  with  basic  brake  or  be  off.  with  datura  to 
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layout  for  providing  such  works  of  the  measuring  system  of  the 
torsional  aoaent  for  a basic  brake  and  for  a bob  machine  to  more 
expedient  have  separate.  The  power-supply  systeas  and  connection  to 
power  systeas  and  coaaunications  will  be  suchr  as  for  installations 
with  mentioned  braking  devices. 

Besides  the  described  above  installations,  intended  for  the 
different  tests  of  various  types  of  engines,  they  can  find  the  wide 
acceptance  and  other  types  of  installations.  Thus,  for  instance,  some 
motor  vehicle  plants  of  instead  of  complete  tests  for  production 
engines  are  carried  out  only  hot  to  breaking  in  without  load  on 
stands  without  the  application/use  of  braking  devices. 

Page  38. 

The  selective  long-term  tests  of  these  engines  are  conducted  in  pilot 
plant  on  the  arresters  where  with  the  selected  engines  completely  are 
reaove/taken  all  the  necessary  characteristics. 

Simplified  tests  can  be  also  carried  out  on  the  paired  stands 
where  the  first  engine  undergoes  cold  rolling;  its  rotation  is 
produced  by  the  second  engine  which  at  this  tiae  undergoes  heat  tests 
under  the  load  of  the  first.  Then  the  first  engine,  passed  cold 
rolling,  is  switched  to  tests,  and  in  the  place  of  the  second  engine. 
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is  establish/installed  following. 

Jn  each  specific  case  the  selection  of  the  type  of  testing  unit 
aust  be  produced  not  only  froa  type  and  construction  of  engine  and 
its  designation/purpose,  but  in  many  respects  also  it  depends  also  on 
the  state  of  technology  of  production,  quality  of  finish  and 
assembly. 


§2.  Testing  units  with  regeneration. 


In  the  majority  of  cases,  the  mechanical  energy,  developed  with 
engine  during  its  tests,  by  arresters  is  not  usefully  utilized,  in 
air  brakes  it  transfer/con  verts  into  movement  and  heating  of  air, 
while  in  hydraulic  and  induction  brakes  it  is  converted  into  thermal 

energy,  in  consequence  of  which  them  it  is  necessary  to  cool  by 
running  water. 

In  electric  brakes  where  the  mechanical  energy,  developed  with 
engine,  converted  into  electrical,  usefully  is  not  utilized,  but  it 

heads  for  the  charging  resistance  where  again  it  is  converted  into 
thermal  energy. 
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Besides  the  use  of  mechanical  energy,  developed  with  tested 
engine,  it  is  possible  to  also  utilize  heat  of  waste  gases. 

However,  in  connection  with  large  capital  investments  and 
operational  expenditure/consumptions,  this  is  unprofitable. 

As  concerns  the  recuperation  of  mechanical  energy  by 
transformation  by  its  braking  device  into  electrical  and  as  the 
possibility  of  its  further  use,  problem  has  large  national-economic 
value. 

Por  using  electric  power,  obtained  from  recuperation,  in  plant 
or  district  electric  system  the  electric  current  must  be  variable, 
industrial  voltage  and  frequencies. 

Jn  a number  of  cases  this  problem  virtually  can  be  solved  for 
many  enterprises  of  engine  construction.  It  is  especially  expedient 
this  to  make  on  experimental  stations  of  the  series  production  where 
the  general  duration  of  the  tests  of  each  engine  in  its  inherent  work 
composes  several  dozen  minutes  or  even  hours,  and  also  for  the 
testing  units  where  are  carried  out  resource  and  other  endurance 
tests. 

Page  39. 
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For  the  realization  of  recuperation,  it  is  necessary,  in  order 

to: 

a)  brake  was  the  electrical  machine  which  in  basic  prolonged 
load  * ode/conditio  ns  worked  as  generator; 

, 

b)  to  ensure  the  possibility  of  the  load  of  tested  engine  in  the 
remaining  modes  of  its  operation,  not  encompassed  by  recuperation; 

c)  initial  capital  investments  and  operating  costs  for 
recuperation  unit  were  economically  justified. 

On  the  possibility  of  use  and  selection  of  electric  brakes  with 
regeneration,  it  was  said  earlier.  Here  one  should  mention  only  about 
some  specific  special  feature/peculiarities  of  this  method. 

For  the  selection  of  electric  brake  with  recuperation,  it  is 
first  of  all  necessary  to  examine  the  composition  of  tests  and  the 
operation  of  tested  engine  on  all  its  mode/conditions  on  speed, 
duration  of  tests  and  the  developed  with  it  power  in  each 
mode/conditions. 
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Further  one  should  establish/install,  which  mode/conditions  it 
is  expedient  to  utilize  for  recuperation.  In  all  remaining 
mode/conditions  must  be  provided  the  corresponding  load  of  engine  in 
accordance  with  technical  specifications  for  testing.  Sometimes  it  is 
sometimes  expedient  and  possible  to  change  some  mode/conditions  both 
according  to  the  power  and  on  the  revolutions  for  the  purpose  of 
their  use  for  recuperation. 

On  separate  electric  brake  units,  predicted  for  use  with 
regeneration,  it  is  necessary  to  consider  following  observations. 

1.  Units  with  synchronous  or  asynchronous  electric  motors  with  the 
transformation  of  velocity. 

An  expedient  and  economical  schematic  of  testing  unit  with 
regeneration  is  the  application/use  as  brake  of  a generator  of 
synchronous  either  asynchronous  electric  motor  with  hydraulic 

coupling  or  magnetic  slip  coupling.  The  revolutions  of  this 

electric  motor  must  be  selected  so  that  they  would  be  somewhat 
lower  than  first  continuous  duty  of  the  engine,  working  under 
load.  Usually  this  corresponds  to  the 
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mode/conditions,  which  approach  service  power  of  engine.  The  power  of 
electric  motor  taking  into  account  its  own  losses  and  losses  in 
slipping  clutch  must  comprise  approximately  70-80o/o  of  power  of 
tested  engine. 


Indicated  slipping  clutches  provide  the 
preservation/retention/maintaining  of  the  constancy  of  the  rate  of 
the  rotation  of  the  shaft  of  electric  motor  independent  of  a change 
in  the  revolutions  of  tested  engine.  In  connection  with  the  expansion 
of  the  field  of  application  of  hydraulic  coupling  up  to  2000-3000 
h. p.  in  power  and  above  they  can  successfully  be  applied  as  slipping 
clutches.  The  efficiency  of  hydraulic  coupling  usually  is 
approximately  0.80;  furthermore,  they  have  the  prolonged  service  life 
of  work.  The  field  of  application  of  electromagnetic  couplings  has 
already  been  noted  above. 


Page  4 0. 


Application/use  at  the  units  of  synchronous  or  asynchronous 
electric  motors  in  question  from  the  number  of  in  series  made 
specimen/sanples  simplifies  their  acquisition,  which  considerably 
decreases  initial  capital  investments.  Furthermore,  the  connection  of 
synchronous  or  asynchronous  electric  motors  to  plant  electric  system 
can  be  done  directly,  without  any  complex  distributors. 
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As  an  exaaple  Pig-  11,  gives  the  general  view  of  experimental 
installation  with  regeneration  for  testing  the  diesels  D-36.  As 
brake- generator  on  this  unit  is  accepted  standard  induction  motor  by 
the  power  of  20  kH,  with  rigid  fastening  by  unit. 
Established/installed  between  the  diesel  and  the  electric  motor 
magnetic  slip  coupling  provides  constant  velocity  on  the  shaft  of 
electric  aotor.  Here  tested  diesel  is  establish/installed  on  the  bob 
frame  whose  suspension  to  the  common/general/total  frame  of  stand  is 
realized  with  the  aid  of  two  cross-shaped  bearings  on  elastic 
cell/elements  (plates). 

Power  measurement  of  diesel  is  produced  by  the  weight  head 
effort/forces  to  which  are  transferred  from  bob  frame  by  lever/crank 
system.  This  unit  completely  confirmed  the  positive  qualities  of  the 
taken  schematic. 

2.  Units  with  asynchronous  electric  motors  without  the  transformation 
of  velocity. 

The  use  of  induction  aotor  with  phase  rotor  at  tested  units  with 
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regeneration  is  based  on  the  principle  of  its  possible  operation  in 
the  generator  node  when  this  electric  aotor  they  rotate  at  velocity, 
which  exceeds  synchronous  speed. 
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Fig-  11-  Bob  stand  with  magnetic  slip  coupling  with  regeneration. 


Page  41. 


Similar  upits  with  direct  drive,  i- e. , without  the  intermediate 
clutches  or  other  velocity  transducers,  will  be  advisable  in  such  a 


case,  when  the  basic  in  duration  charging  mode/conditions  of  tested 
engine  have  relatively  small  differences  on  revolutions.  In  this  case 
asynchronous  electric  motor  is  selected  on  velocity  in  such  a way 
that  it  would  correspond  to  the  smallest  revolutions  of  the  first 
continuous  duty  of  the  tested  engine,  working  under  load.  In  this 
case,,  kA  and  in  all  cases,  for  providing  the  generator  mode  of  work 
the  revolutions  of  asynchronous  electric  motor  must  be  higher  than  it 
synchronous  speed  (not  less  than  by  2- 3o/o) . Hith  a further  increase 
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in  the  revolutions  of  tested  engine,  the  velocity  of  electric  motor 
will  be  also  raised;  however,  on  strength  it  aust  not  be  above 
■axiauo  permissible  revolutions. 

The  control  of  the  load  of  tested  engine  is  produced  by  the 
resistance,  included  in  the  circuit  of  rotor.  Besides  that  which  was 
exaained,  are  other  schematics  of  the  use  of  asynchronous  machines 
for  installations  with  regeneration;  however,  in  view  of  their 
complexity  and  unwieldiness,  they  did  not  win  acceptance. 


3.  Units  with  the  machines  of  direct  current. 


Similar  units  can  be  successfully  used  for  regeneration; 
however,  they  require  the  expensive  converters  and  the  corresponding 
areas  for  their  arrangement/permutation. 

The  application/use  of  installations  with  regeneration  in  each 
individual  case  must  be  justified  by  the  technical  and  economic 
calculations.  During  output  useful  to  the  used  energy  in  the  form  of 
electric  power  into  plant  or  transmission  networks  of  alternating 
current  its  cost/value  must  be  considered  on  the  selling  price  of 
this  area.  For  determining  economic  effect,  must  be  taken  into 
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account  the  losses  in  clutch,  electrical  machine  and  other  losses, 
and  also  the  operating  costs  and  the  difference  in  depreciation 
allowance  in  comparison  with  another  equipment  which  it  should  be 
acquired  without  the  application/use  of  recuperation.  It  is  customary 
to  assuae  that  the  recuperation  is  advisable  with  the  complete 
compensability  of  all  expenditures  for  1.5-2  years. 
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TEST  BENCHES  AND  HEASOBING  SYSTEMS- 


§1-  Types  of  the  test  benches  for  power  measurement. 


One  Of  the  basic  and  main  parameters  of  thermopower  engine 
during  taking  of  its  characteristics  during  tests  is  the 
determination  of  power.  The  measurement  of  the  torsional  moment  from 
which  is  determined  the  power,  can  be  done  with  the  aid  of  the  test 
benches,  equipped  with  measuring  systems.  To  the  number  of 
contemporary,  basic  requirements,  presented  to  these  systems,  it  is 
related: 

a)  the  provision  for  the  required  accuracy  of  measurement; 

b)  convenience  in  the  reading  with  the  minimum  expenditure  of 


tine  and  easy  servicing; 
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c)  the  automatic  balancing  of  the  measured  effort/force; 

d)  reliability  and  reliability,  the  stability  of  readings  and 
finally  system  readiness  for  reading  at  any  moment  of  tests. 

Sometimes  depending  on  the  type  of  testing  unit,  its 
arrangement,  character  of  tests  and  construction  of  tested  engine, 
can  arise  ether  requirements.  For  example,  the  units,  arra nge/ located 
in  separate  boxes,  with  the  control,  remote  into  the 

cabin/compartment  of  observation,  require  the  acrangement/perm utat ion 
of  the  indicator  of  measuring  system  (dynamometer)  on  control  panel. 
The  static  effort/force,  caused  by  the  torsional  moment,  is  not  even 
during  the  short  period  of  time  constant  value.  Therefore 
oscillation/vibrations  during  a change  in  the  static  effort/force, 
and  also  the  effort/force  from  engine  vibrations  must  be  damped  by 
measurement  system  and  they  must  not  exceed  the  smallest  scale 
division  of  displaying  instrument.  Measuring  systems  must  not 
introduce  the  essential  errors,  coming  out  beyond  the  limits  of  the 
required  accuracy  of  measurement  during  a change  in  the  temperature 
of  air,  which  can  occur  especially  with  the  arrangement  of 
installations  in  separate  boxes  and  the  considerable  consumption  of 
the  air,  which  goes  to  the  feeding  of  engine. 
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The  measurement  of  the  torsional  moment  of  the  test  engines  can 
be  produced  on  different  stands  one  of  the  following  methods: 

first  - with  the  aid  of  the  bob  suspension  of  the  stator  of 
braking  device,  which  transmits  the  reaction  of  the  torsional  moment 
to  measuring  system; 

second  - the  same,  but  with  the  aid  of  the  setting  up  of  entire 
brake  on  bob,  dynamometric  platform; 

third  - the  same,  but  during  the  rigid  setting  up  of  braking 
device,  and  with  setting  up  of  tested  engine  on  bob  stand; 

fourth  - with  the  aid  of  dynamometric  clutches  and  the  bushings, 
called  the  torsion  dynamometers. 

For  the  production  of  the  indicated  methods  of  measurement  of 
torque,  respectively  are  applied  the  different  types  of  the  test 
benches. 


l-*- -- 


DOC  = 772333  PAGE  Jr"  Cj'g 

1.  Rigid  stand  with  the  bob  suspension  of  the  stator  of  brake. 

On  this  type  of  stand,  are  carried  out  the  measuremen ts  of  the 
torsional  moment  using  the  first  method,  which  is  most  widely  used. 

Here  the  rigid  construction  of  the  stand  of  engine  is  arranged 
with  the  bob  suspension  of  the  stator  of  brake,  which  provides  the 
transmission  of  the  effort/forces  of  the  torsional  moment.  The 
schematics  of  testing  units  workers  according  to  this  principle,  are 
depicted  on  Fig.  lOf,  g,  h,  i,  j and  1,  and  the  general  view  of  bob 
suspension  with  measuring  system  see  in  Fig.  4. 

Bob  suspension  usually  is  provided  for  during  the  manufacture  of 
all  brakes,  intended  for  testing  units,  and  therefore  it  enters  in 
the  assembly  of  supply  of  braking  device. 

Structurally  the  balance  suspension  is  realized  in  the  fora  of 
the  rocking  in  ball  bearings  stator,  which  is  simultaneously  the 
housing  of  braking  device.  Errors  from  the  friction  of  stator  in 
bearings  and  stuff ing-boxs  seal  without  taking  into  account  of  losses 
in  measuring  system  are  0. 1-0. 3o/o  of  maximum  value  of  the  torsional 
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no Bent  of  this  brake.  Mainly  they  depend  on  the  quality  of  the 
aanufacture  of  suspension,  selection  of  bearings,  axial  alignment, 
etc.  The  construction  of  stand  itself  for  this  type  of  installations 
is  sufficiently  siaple  and  can  be  carried  out  as  support/socket  for  a 
specific  type  of  engine,  or  in  the  fora  of  the  general-purpose 
struts,  giving  the  possibility  of  the  adjustaent  of  fastening  places. 
The  observance  of  the  latter  condition  is  necessary  during  successive 
testing  one  to  unit  of  the  different  types  of  engines,  but  close 
between  th,easelves  in  power,  dimensions  and  weight. 

Page  44. 

2.  Rigid  stand  with  the  setting  up  of  entire  brake  on  dynamometric 
platform. 


The  aeasureaent  of  the  torsional  moment  of  tested  engine  on  this 
stand  is  produced  using  the  second  aethod  which  is  siailar  to  the 
first  and  differs  froa  it  only  in  the  facts  that  it  aakes  it  possible 
as  brake  to  utilize  the  different  electrical  aachines  in  comaon 
performance  whose  stator  does  not  have  bob  suspension.  The  latter 
here  replaces  the  dynaaoaetric  platform  to  which  is 
establish/installed  coaaon  stationary  electric  aotor. 


i 


ti. 
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The  diagram  of  this  installation  is  shown  in  Fig.  12.  According 
to  this  diagram  bob  platform  is  suspend/hung  from  ball  bearings  and 
has  an  axle/axis  of  rocking,  which  coincides  with  the  longitudinal 
axis  of  unit.  For  the  purpose  of  provision  by  that  necessary  accuracy 
of  power  measurement  on  platform  together  with  electric  motor  is 
establish/installed  also  magnetic  slip  coupling.  The  torsional  moment 
of  tested  engine  is  transferred  through  the  platform  to  lever/crank 
system  and  is  measured  by  weight  head. 
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Fig-  12-  Diagraa  of  bob  platfora:  1 - staad-support/socket ; 2 - 

engine;  3 - articulated  coupling;  4 - aagnetic  slip  coupling;  5 - bob 
platfora;  6 - asynchronous  electric  motor;  7 - weight  head;  8 - 
support/socket  for  weight  head  and  leverage- 


bV 

Fig.  13.  Diagcaas  of  bob  suspension  of  platfora  with  the  aid  of 
elastic  hinge  joints;  a)  with  upper  arrangeaent  of  rod-hinge  joints; 
b)  with  lower  arrangeaent  of  rod-hinge  joints;  1 - bob  platfora;  2 - 
st rat  for  rods;  3 - rod-hinge  joints  (elastic  cell/eleaents) ; 4 - 
electric  aotor;  5 - lever;  6 - dynaaoaeter. 
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Por  the  purpose  of  decrease  in  the  friction  sometimes,  can  be 
used  bob  devices  with  the  rotating  in  bearing  seats.  In  this  case, 
the  bearing  obtains  rotation  from  the  special  drive,  for  example,  of 
electric  motor.  Such  devices  can  be  used  for  the  measurement  of  the 
torsional  moments  of  the  low  values  at  considerable  angular 
deflections  and  large  weight  loads  on  the  frame  of  bob  platform. 


Instead  of  the  ball  bearing  supports  the  bob  suspension  of 
platform  can  be  realized  with  the  aid  of  elastic  cell/elements.  In 
this  case  the  platform  is  hung  to  fixed  struts  cn  four  rods,  which 
have  several  milled  planes,  or  on  so  many  plates,  the  wide  plane  of 
which  is  parallel  to  the  longitudinal  axis  of  testing  unit.  This 
suspension  provides  platforms  because  of  elastic  deformation  of 
plates.  Since  the  reds  or  the  plates  of  suspension  work  mainly  on 
elongation  with  insignificant  bend,  a similar  suspension  is 
especially  favorable  during  the  low  displacement/movement  of  platform 
and  with  large  weight  loads  on  it.  Possible  diagrams  of  such  type  of 
suspensions  are  shown  in  Fig.  13.  As  a result  of  the  absence  of 
bearings  and  the  which  is  inherent  in  them  friction,  a similar 
suspension  can  ensure  the  high  accuracy  of  the  measurements  of  power 
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and  it  is  simple  in  operation,  since  dees  not  require  lubrication, 
cleaning,  etc-  As  a result  of  the  fact  that  the  plates  have  high 
exial  stiffness,  their  longitudinal  travel  relative  to  testing  unit 
are  eliminated. 

3.  Bob  stand  with  the  rigid  setting  up  of  brake. 

On  thjis  stand  the  measurement  of  the  torsional  moment  of  engine 
is  produced  using  the  third  method  when  for  any  reasons  it  is  not 
possible  or  expedient  to  accept  the  installation  diagram, 
examine/cqnsidered  using  the  second  method. 

Since  from  measuring  point  of  vie*  the  second  and  third  methods 
are  equivalent,  final  selection  of  one  of  them  will  depend  on  the 
construction  of  stands  and  dynamometric  platforms  for  these  versions. 
It  is  necessary  to  keep  in  mind  that  with  this  device  using  the  third 
method  of  measurement  of  the  torsional  moment  it  is  required  that  the 
gas-discharge  branch  connections  of  piston  engine  or  the  gas-exhaust 
nozzle  of  the  gas  turbine,  arrange/located  on  the  one  hand  of  engine, 
would  not  be  placed  in  perpendicular  plane  with  respect  to  the 
longitudinal  axle/axis  of  engine.  The  nonobservance  of  this  condition 
can  cause  essential  errors  to  the  accuracy  of  measurement  of  the 


torsional  moment  ? ; a result  of  the  effect  of  reaction  from  the 
outflow  of  waste  gases  with  the  indicated  arrangeaent  of  branch 
connections.  In  order  this  to  avoid,  it  is  necessary  to  the 
gas-discharge  branch  connections  of  engine  and  nozzle  of  turbine  to 
establish/install  collector/receptacle  in  this  direction  that  the 
outflow  of  waste  gases  would  be  in  parallel  to  the  longitudinal  axis 
cf  engine. 

Page  46. 

Fig.  14,  shows  diagram  with  bob  suspension  and  the  engine  mount.  For 
accessibility  to  tested  engine,  this  frame  is  carried  out  in  the  form 
of  a dynaaoaetric  platform,  which  rests  on  ball  bearings  or  on 
cross-shaped  hinge  joints  with  elastic  plates.  The  trunnion  of 
platform  below  center  of  the  shaft  of  engine.  For  providing  the 
displaceae nt/aoveaent  of  platform,  the  comaunication 
conduit/manifolds,  adeguate/approaching  the  engine,  can  not  have 
flexonics.  In  this  case  for  providing  their  elastic  deformation 
during  platform  they  must  be  arrange/located  in  the  plane, 
perpendicular  to  the  longitudinal  axis  of  stand,  and  have  arms  as  the 
length  of  1. 5-2-0  a from  the  fixed  point  of  the  rigid  fastening  of 
tubes  to  of  their  attachment  point  of  engine.  The  general  view  of 
testing  unit  with  this  bob  platform  for  an  engine  is  given  in  Fig. 

15. 
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Fig.  14.  Diagrams  of  dynamometric  platforms:  a)  platform  on  ball 


bearings,  trunnion  coincides  with  axle/axis  of  engine;  b)  platform  on 


of  below  center  of  unit:  1 - platform;  2 - strut  under  engine;  3 


engine;  4 - cross-shaped  hinge  joint  with  elastic  plates 


Fig.  15.  General  wiew  of  bob  platform  oa  crcss-shaped  hinge  joints 
with  elastic  plates  for  engine  D-36.  Hinge  joints  are  arrange/located 


from  below  platform 
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4.  Stand  with  the  torsion  dynamometer^ 

On  this  stand  of  the  measurement  of  the  torsional  moment,  they 
are  produced  using  the  fourth  method  with  the  aid  of  the  torsion 
dynamometers,  which  at  present  in  practice  thus  far  found 
insignificant  application/use.  In  spite  of  the  temptation  of  this 
method  of  measurement  and  the  great  variety  of  all  possible 
constructions  of  dynamometric  clutches  and  bushings  until  they  win 
acceptance  mainly  due  to  the  absence  of  the  required 
accuracy/precision  of  measurement  and  absence  of  reliable 
specimen/samples  for  a continuous  operation.  Besides  the  low  accuracy 
of  measurement,  which  of  some  electrical  pneumatic  and  hydraulic 
specimen/samples  of  clutches  is  located  of  2-5o/o,  there  are  also 
difficulties  of  their  calibrations- 


§2.  Measuring  systems  of  power. 


The  bench  measuring  system  includes  the  devices:  the  receiving. 


transmitting  and  showing  or  recording  effort/force,  transferred  from 
the  moving  element  of  testing  unit.  Effort/forces  to  measuring  system 
are  transferred  from  the  bob  suspended/hung  stator  of  brake  or  from 
the  dynamometric  platform  of  unit. 

Measuring  systems  by  the  operating  principle  are  distinguished 

cn: 

1.  Mechanical  or  beam  balance,  in  which  the  measured 
effort/force,  transferred  by  a system  of  levers  to  weight 
dynamometer,  is  balanced  by  the  deflection  of  sguare  or  pendulum 
weight  mechanism. 

2-  Hydraulic,  in  which  transferred  effort/force  is  absorbed  by 
for^e  gauge  (by  dynamometer),  it  is  converted  into  pressure  of 
liquid,  measured  by  specimen  or  piston  gauge. 

3.  Electrical,  that  convert  transferred  effort/force  into 
electric  pulse,  received  by  measuring  meter. 

4.  Other  measuring  systems,  based  on  other  operating  principles. 
However,  majority  of  them  such,  as  pneumatic  or  torsion  dynamometers, 
are  located  in  the  stage  of  laboratory  finishing  a».d  therefore  have 
not  found  practical  application/use. 
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1.  Mechanical  measuring  systems. 


A greatest  use  for  testing  units  find  nechanical  or  beam  balance 


dynamometers.  In  contemporary  measuring  systems  of  effort/force 
reduced  as  the  final  result  to  the  automatic  balancing  of  the 


is 


| 

measured  value  by  smaller  known  load.  The  force-measuring  mechanism 


of  this  system  can  consist  of:  leverage,  reversing  mechanism,  range 
mechanism  and  weighing  device.  Leverage  converts  effort/force  from 
the  moving  element  of  installation  and  it  transfers  it  to  weighing 
device. 


Page  4 8. 


Reversing  mechanism  is  intended  for  the  conversion  of  the 
alternating  effort/forces  of  different  directions  into  one  direction. 
This  mechanism  is  switched  on  in  system  as  needed. 


Range  mechanism  is  the  system  of  levers  with  the  variable  sense 
of  arms  and  serves  for  more  complete  use  of  the  scale  of  weighing 
device.  Is  intended  it  for  an  increase  in  the  accuracy  of  the 
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measurement  of  different  in  the  value  effort/forces,  for  example 
low-power  and  high-powereds  engine  during  testing  at  one  and  the  same 
unit.  Is  switched  on  this  mechanism  in  measuring  system  of  necessity. 

As  the  weighing  device  most  of  all,  match  up  dial  weight  heads 
with  quadrant  mechanism.  The  balancing  cf  the  changing  load  occurs 
automatically  by  changing  the  arm  of  the  load  of  the  quadrant  during 
its  deflection,  connected  with  the  arrcw/pointer  of  the  weight  head, 
which  shows  on  the  scale  load  change.  The  best  constructions  of 
weight  heads  have  an  error  not  more  than  0.1 o/o  maximally  strain 
which  is  recommended  to  have  net  more  than  25  kgf  with  the  course  of 
the  lever  of  head  not  more  than  4-6  mm.  Sfith  this  accuracy /precisi on 
of  weight  head,  its  scale  can  have.  1000  divisions.  The  small  load 
capacity  of  weight  head  and  its  slew  speed  make  it  possible  to  have  a 
transmission  with  large  multiplicity,  thanks  to  which  there  will  be 
assured  the  small  displacement/movement  of  the  moving  element  of 
testing  unit.  It  is  customary  to  assume  that  for  achievement  of  the 
high  accuracy  of  measurement,  which  on  the  indicated  system  as  a 
whole  can  be  reached  by  +25o/o  of  the  maximally  measured 
effort/force,  the  displacement/movement  of  the  moving  element  of  the 
unit  over  the  circumference  of  stator  or  over  I repent  dy namometric 
platform  must  not  be  more  than  0.5  am. 

Leverage  can  consist  of  the  levers  of  the  first  and  second  kind. 
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The  value  of  decrease  in  the  measured  effort/force  is  determined  by 
the  relation  of  leverage  from  the  foraula 

‘otfu,  “ -J  . (4) 

where  io6m  is  coamon/general/total  gear  ratio  of  leverage; 

q - the  load  capacity  of  weight  head  in  kg; 

p - the  measured  effort/force  on  the  ata  of  the  moving  element 
of  the  unit  in  kgf. 

The  value,  reciprocal  to  gear  ratio,  he  is  called  the 
multiplicity  of  the  leverage; 

K = -,  • (5) 

t 

where  K - a multiplicity  of  leverage. 

Page  49. 

during  during  operation  of  the  stator  of  braking  device  or 
dynamometric  platform,  it  occurs  both  the  elastic  and  plastic 
deformation  of  the  communications,  conducted  to  these  moving  elements 
of  the  unit  (metal  tubes,  electric  wires,  the  rubber  hoses  and  of  so 
forth).  The  forces,  which  go  to  plastic  deformation,  with  the  amount 
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of  this  deforaation  strict  law  do  not  have.  Therefore  during  large 
displacement/aoveaents  it  should  not  be  applied  plastic  materials  for 
these  supplying  coaaun ications.  Instead  of  then  one  should  utilize 
the  aore  elastic,  although  nore  rigid  netal  tube,  effort/forces  the 
spent  on  deforaation  which  are  considered  during  the  calibrations  of 
neasuring  system. 

For  decrease  in  the  friction  for  the  purpose  of  an  increase  in 
the  accuracy  of  the  measurements  of  an  entire  neasuring  system  in 
supports  and  hinge  joints  of  the  leverage  of  reversive  and  range 
mechanisms,  one  should  apply  precision  ball  bearings,  but  is  still 
tetter  than  the  prism  and  elastic  cell/eleaents  in  the  form  of  plates 
and  cross-shaped  hinge  joints. 

Beam  balance  systems  allow/assume  the  carrying  out  of  weight 
head  from  the  test  bench  and  its  arrangeaent/perautations  in  the 
cabin/compartment  of  control.  This  is  necessary  when  the  stay  of  the 
service  personnel  near  unit  is  inadmissible.  With  carrying  out  weight 
head  is  furnished  in  box  of  observation  window  for  convenience  in 
visible  reading  according  to  the  scale  of  head  or  they  place  directly 
in  the  cabin/conpartnent  of  control  with  the  appropriate  alongation 
of  idler  levers  in  the  fora  of  tube  rods. 


Hechanical  measuring  systeas  with  weight  head  can  successfully 
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be  applied  for  the  different  weight  fuel-aetering  devices,  oil  and 
other  liquids,  the  accuracy  of  measurement  on  which  can  also  reach 
±0.25-0.35  0/0  of  aaxiaun  weight  of  the  aeasured  liquid. 


During  the  correctly  selected  constructions  aechanical  measuring 
systeas  are  sufficiently  siaple,  reliable  and  stable  in  operation. 


2.  Hydraulic  aeasuring  systems. 


Along  with  beam  balance  dynaaoaeters,  wide  application  in  Soviet 
and  foreign  experimental  technology  find  also  hydraulic  measuring 
systeas.  Especially  they  are  advisable  for  the  aeasureaent  of  large 
effort/forces  during  the  snail  displacement/novement  of  the  moving 
element  of  the  platforn  of  stand  and  when  according  to  the  conditions 
cf  a rrangement/per  a utation  recorder  nust  be  related  by  considerable 
distance  (to  15-20  a).  In  hydraulic  systems  the  primary  instrument  in 
which  the  aeasured  effort/force  is  converted  into  the  pressure  of 
liquid,  is  force  gauge  (dynaaoaeter) . The  force  gauges  of  hydraulic 
systeas  can  be  flowing  and  non-flow  type.  In  non-flow  type 
dynaaoaeters  the  measured  effort/force  is  absorbed  by  closed  volume 
of  working  fluid.  The  movement  of  pistoq  (diaphraga/aembra ne)  in 
these  dynaaoaeters  is  determined  by  the  elasticity  of  system  and  can 
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compose  siginficant  value. 

Page  50. 

The  accuracy  of  the  measurement  of  hydraulic  systea  with  non-flow 
dynamometers  is  determined  mainly  by  the  value  of  a change  of  the 
geometric  dimensions  of  dynamometer  and  volume  of  liquid  in  system 
during  a change  in  the  ambient  temperature.  During  temperature  change 
not  more  than  5°  Z this  accuracy/precision  can  be  reached  within 
limits  from  1.0.5  to  ♦I.Oo/o-  Temperature  changes  in  the  environment 
on  20-40°C  decrease  the  accuracy  of  measurement  in  non-flow  systems 
to  1.2 .0-3.  Oo/o. 

The  flowing  dynamometers  to  which  they  are  related  and 
dynamometer  with  microduct,  are  characterized  by  the  presence  of  the 
duct  of  the  liquid  through  their  cavity.  Therefore  they  are  applied 
for  the  exception/elimination  of  the  effect  of  a change  in  the  volume 
of  dynamometer  and  working  fluid  in  the  case  of  a change  in  the 
ambient  temperature,  and  also  the  limitation  (decrease)  of  piston 
stroke  (diaphragm/membrane)  of  dynamometer,  such  dynamometers  require 
the  device  of  the  system  of  duct  or  additional  feeding  the  value  of 
circulation  of  which  through  the  dynamometer  is  automatically 
regulated  by  piston  stroke  or  by  its  valves  depending  on  the  value  of 
the  effort/force,  which  effects  on  dynamometer.  So,  with  an  increase 
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of  the  load  on  dynamometer  pressure  in  its  cavity  it  increases 
because  of  inflow  or  additional  feeding  of  liquid,  and  during 
decrease  in  the  load  as  a result  of  hydraulic  slip  - it  falls. 

the  accuracy  of  the  measurement  of  flowiqg  hydraulic  systems  can 
te  reached  by  ±0.  2~0-3o/o. 

For  pressure  measurement  in  the  cavity  of  dynaaometer  as 
recorder,  are  comaonly  used  for  flowing  systeas  piston  manometers  of 
class  0.1,  for  non-flow  - specimen  aanoaeters  of  class  0.3. 

For  filling  of  hydraulic  systems,  are  applied  the  alcohol 
glycerin  mixtures,  the  transformer  oil  and  other  liquids. 


3.  Electrical  measuring  systems. 


In  electrical  measuring  systems  as  the  sensor  of  electric  pulse 
under  the  effect  of  load,  are  utilized  the  extensometer,  the 
inductive  and  other  sensors.  Although  these  systems  are  more 
progressive,  since  more  available  they  lake  it  possible  to  automate 
recordings  and  the  recording  of  readings,  the  level  of  their 
finishing  on  accuracy/precision  thus  far  is  still  low  and  even  for 
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the  best  specimen/samples  it  is  located  of  1-3o/o  of  maximally 
Measured  effort/force  taking  into  account  its  dynanic  loads.  One 
should  to  assuae  that  with  finishing  and  increase  in  their 
accuracy/precision  they  must  receive  wide  acceptance. 

For  testing  and  calibration  of  all  measuring  systems  of  the 
torsional  moment,  bob  devices  are  equipped  by  calibration  devices. 
Calibration  is  rea lize/acconplished  with  the  aid  of  the  artificial 
loading  of  the  moving  element  of  the  unit,  by  imposition  on  arm  of 
the  determined  length  of  the  loads  whose  weight  is  known.  It  consists 
of  successive  imposition  from  6 to  10  loads  on  rod  or  cup  of 
calibration  device  and  their  subsequent  unloading  in  reverse  order. 
The  readings  of  dynamometer  during  imposition  and  taking  of  each  load 
are  record /fixed,  according  to  the  data  of  these  readings,  is 
constructed  the  calibration  graph  on  which  it  is  produced  the 
determination  of  the  torsional  moment  during  engine  tests. 

Page  51. 


§3.  systems  of  control  and  direction. 


Testing  units  and  their  systems  are  equipped  with 
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monitoring-measuri ng  equipment  and  the  controls,  which  make  it 
possible  to  check  and  to  control  the  process  of  engine  testing. 
Honitoring-measuring  eguipaent  is  necessary  alsc  for  recording  of 
readings  of  some  parameters  during  taking  of  different  running 
qualities  of  engines.  The  perfection  of  measuring  systems  and  the 
quality  of  instruments  to  a considerable  degree  determine  the 
correctness  and  the  speed  of  the  evaluation  of  the  operation  on 
testing  unit. 

A quantity  of  measured  parameters  of  engine  and  their 
accuracy/precision  are  determined  by  technical  specifications  for 
testing.  The  character  of  these  measurements  is  dictated  by  both  the 
requirements  for  systems  themselves  and  by  the  indicated  conditions 
for  testing. 

Depending  on  these  requirements,  the  displays  and  measurement 
can  be  indicating,  registering,  and  reccrding.  In  certain  cases  a 
quantity  of  measured  points  is  sufficiently  greatly,  and  taking 
readings  and  their  recording  they  require  considerable  time. 
Therefore  tendency  toward  the  automation  of  these  works,  including 
recording,  processing  and  obtaining  ready  printed  record  sheet  with 
the  indication  of  all  necessary  data,  which  characterize  the  engine 
operation  under  the  separate  conditions,  is  a task  completely 
contemporary,  necessary  and  solved.  Belov  given  the  description  of 
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the  possible  solution  of  this  problem  (see  Chapter  XI). 


Basic  monitoring  instruments  together  with  the  controls  and 
starting/launching  are  placed  on  the  center  section  of  the  control 
panel  besides  basic,  technological  panel,  there  can  be  others, 
auxiliary,  for  example:  the  panel  for  electrical  equipment  and 
recording  instruments  and  fuel-oil  board  of  measuring  equipment  for 
power-supply  systems,  which  makes  it  possible  to  improve  the 
operation  and  to  raise  fire  safety  of  testing  unit.  Control  panels 
must  be  sufficiently  compact  and  have  the  clear  arrangement  of 
instruments,  make  it  is  convenient  to  conduct  control  and 

observation  of  the  engine  operation  on  stand. 

Remote  control  of  the  adjustable  fittings  of  the  systems  of  the 
maintenance  of  feeding  one  should  realize/accomplish  with  the  aid  of 
electric  drives  with  knob  control  from  panel.  The  sectors  of  the 
fuel-feed  control  one  should  apply  hydraulic,  that  obtained  wide 
acceptance,  that  are  characterized  by  reliability  and  convenience  in 
operation. 
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Chapter  V. 


POVEB-SUPPLY  SYSTEMS  AND  MAINTENANCE  OF  TESTING  UNITS. 


§1.  Fuel  systems. 


The  fuel  systems  of  testing  units  are  intended  for  the  feeding 
of  engines  by  fuels  during  the  provision: 


a)  normal,  uninterrupted  and  continuous  firing; 


b)  the  production  of  a precise  measurement  of  the  fuel 
consumption; 


c)  fire  safety. 


The  most  advanced  and  safe  method  of  fuel  feed  to  experimental 
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station  is  the  system  of  the  centralized  supply  from  expenditure' 
storage  on  conduit/manif olds. 

These  fuel  lines  are  divided  into  the  external,  underground, 
relating  to  industrial  mains  enterprises,  and  internal,  bench. 

A guantity  of  external  fuel  pipes  is  determined  from  the  number 
of  types  of  the  fuel/propellant,  consumed  by  different  testing  units. 
The  section/cuts  of  conduit/manifolds  are  determined  from  the  maximum 
consumption  of  fuel/propellant  and  average  most  economical  rated 
speed  of  flow.  For  bright  light/lung  oil- products  this  speed  one 
should  accept  not  above  1.5  m/s.  Besides  basic  propellant,  sometimes 
can  be  met  the  need  for  feeding  the  starting  fuel/propellant  for 
which  in  this  case  also  is  provided  for  separate  fuel  pipe. 

Besides  the  supplying  distributing  conduit/manifolds,  it  is 
necessary  to  provide  for  one  discharge  lead  for  the  drainage  of 
fuel/propellant  during  the  calibration  of  flow  meters  or  in  the 
emergency  cases.  For  the  procedure  of  this  fuel/propellant  of 
experimental  station  (outside  the  building)  or  in  storage  itself  must 
be  provided  for  the  capacitance/capacity,  intended  only  for  these 
purposes.  The  size/dimension  of  this  drainage  cistern  must  be  not  the 
less  the  total  capacitance  of  all  bench  fuel  fuel  systems,  including 
conduit/manifolds,  fittings  and  their  measuring  meters. 


I { 

i 
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The  packing  of  main-line  fuel  pipes  vithin  experimental  station 
is  not  recommended.  It  is  expedient  to  furnish  them  outside  building, 
underground,  of  in  parallel  to  the  froct  testing  units. 
Input/introductions  of  fuel  pipes  into  experimental  station  is  done 
by  taps  from  external  main-line  fuel  pipes  to  each  testing  unit 
se  pa rately . 

Puel  feed  to  testing  units  is  produced  by  the  pumps  of  fuel 
reservoir  or  by  means  of  its  extrusion  from  the  fuel  tanks  by  the 
compressed  air.  The  first  method  is  more  preferable,  since  it  is 
safer  in  operation  and  does  not  require  the  application/use  of 
cisterns  of  the  increased  strength,  workers  under  pressure,  but  main 
that  that  the  supplied  fuel/propellant  will  not  contain  the  air 
bubbles,  which  sometimes  penetrate  in  it  under  the  effect  of 
diffusion  with  contact.  For  the  overcoming  of  hydraulic  pressure 
drag,  in  the  fuel/propellant  of  the  feed  pipe  must  be  somewhat  higher 
than  required  backwater  of  fue  1/propellan-t  at  the  entry  into  bench 
system.  This  it  frees  from  the  need  for  switching  on  in  bench  systems 
the  additional  booster  pumps. 
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Pig.  16,  shows  the  diagram  of  the  system  of  the  centralized  fuel 
supply  of  experimental  station,  while  in  Pig.  17  its  general  view. 

The  fuel/propellant,  supplied  to  the  drainage  front  of  storage  in  the 
railroad  tank  cars  (or  by  motor  transport),  by  scavenge  pump  is  drawn 
off  into  the  cisterns  of  fuel  reservoir-  By  another  pressure  pump  is 
realite/acconplished  the  continuous  feed  of  f uel/propellan t during 
operation  of  the  testing  units  of  station  on  forcing  main  conduit. 


Fig.  16.  Schematic  diagram  of  centralized  fuel  supply  of 


DOC  = 77233305  PAGE  ^ l 3__ 


experimental  station:  1 - railroad  tank  car  for  fuel/propellant;  2 - 
fite  in  front  of  keeper;  3 - hand  pump  for  filling  of  transfer  pump; 
4 - drainage  column  (on  pier) ; 5 - check  valve;  6 - experimental 
station;  7 - cistern  of  fuel  jettisoning  from  bench  systems;  8 - 
pumps  for  plum  and  fuel  feeds;  9 - cistern  of  fuel  reservoir- 
Page  54. 


Fig-  17.  General  view  of  system  of  centralized  fuel  supply.  1 - earth 
shielding  shaft;  2 - cistern  of  fuel  reservoir;  3 - stations  for  fuel 
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dumping  from  the  railroad  tank  cars;  4 - pumproon;  5 - cistern  of  the 
emergency  discharge  (underground);  6 - experimental  station;  7 - 
manholes;  8 - route  of  fuel  pipes  (underground). 

Page  55. 

The  excess  of  subject  fuel/propellant  is  drawn  off  into  cistern  on 
return  line.  In  open  type  fuel  reservoirs  with  the  ground-based 
arrangement  of  cisterns,  pumping  is  furnished  in  closed  location. 

Sith  the  arrangement  of  testing  units  in  the 
common/general/tot al  hall  of  pipelines,  which  go  within  the  building 
of  experimental  station,  they  must  be  arrange/located  in  the 
channels,  charged  after  their  installation  by  dry  sand.  For  the 
installations,  arrange/located  in  the  isolated/insulated  boxes,  the 
fuel  lines  in  then  or  indoor  of  technological  equipment  under  the 
cabin/compartaent  of  control  and  in  cabia/ccmpartment  itself  can  be 
furnished  in  closed  slots  and  along  the  walls  of  these  locations. 
These  channels  also  must  be  filled  by  dry  sand. 

Each  supply  of  fuel  pipes  to  bench  testing  unit  must  conclude 
with  header  with  the  aid  of  which  the  fuel  feed  can  be  connected  to 
the  necessary  type  of  fuel/propellant. 
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All  external  and  internal  bench  fuel  lines  aust  be  packed  with 
gradient/draft  to  the  side  of  power  supply.  The  minimum 
gradient/draft  of  fuel  pipes  within  experiaental  station  is 
establish/installed  within  liaits  of  i = 0.01-0.005,  but  for  external 
conduit/manifolds  this  gradient/draft  aust  be  not  less  than  i = 

0.0024 


The  distributing  fuel  pipe  of  basic  propellant  on  section  from 
collector/receptao le  to  tested  engine  aust  be  equipped  with  the 
following  minimally  necessary  equipment*  arrange/located  in  the  given 
below  sequence: 

a)  coarse  filter; 

b)  total  flow  meter; 

c)  pressure  regulator; 

d)  device  for  the  measurement  of  the  specific  fuel  consumption; 

e)  fine  filter; 
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f)  fire  valve/gate  (valve). 

Fig.  18  as  an  example,  gives  the  schematic  diagram  of  the  fuel 
system  of  the  unit,  intended  for  testing  the  gas  turbine.  This 
diagram  is  suitable  also  for  testing  the  piston  internal  combustion 
engines.  Fuel  equipment  is  arrange/located  in  sequence  indicated 
above  and  has  remote  control.  The  operational  procedure  of  this 
system  does  not  require  explanations. 

For  the  installations,  arrange/located  in  common/general/total 
hall,  if  control  panel  is  arrange/located  next  to  unit,  control  of 
the  locking,  emergency,  gauging  and  metering  equipment  can  be 
realize/accomplished  directly.  For  the  installations,  placed  in 
separate  boxes  with  the  isolated/insulated  cabin/compartment  of 
control,  this  control  is  recommended  to  produce  only  remotely,  from 
contrpl  panel. 

The  pressure  constancy  of  fuel/propellant  in  bench  system  is 
achieved  by  the  setting  up  of  pressure  regulator,  which  is  adjusted 
to  the  necessary  overpressure. 

Page  56- 


The  construction  of  the  close  fitting  valve  of  the  systems  of 
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fuel  feed  must  eliminate  overflowing  or  leakage  of  fuel/propellant. 
Entire/all  fittings  and  the  equipment,  equipped  with  device  for  the 
draining  of  fuel/propellant  or  air  exhaust,  must  be  abstract/removed 
into  drainage  fuel  pipe.  The  free  end  of  the  latter  must  be  derived 
in,  the  atmosphere  on  the  height/altitude,  which  exceeds  the  highest 
point  of  the  level  of  the  drained  fuel/propellant,  and  equipped  with 
air  vent  with  fire  safety  device/fuse. 

For  the  measurement  of  the  fuel  consumption,  can  be  used  the 
instruments  and  equipment,  the  based  cn  different  methods 
measurements. 

Comparative  data  on  the  accuracy/precision  of  the  measurement  of 
the  fuel  consumption  by  the  most  commonly  used  methods  and 
instruments  are  given  in  Table  3. 
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Fig.  18.  Schematic  diagram  of  fuel  systea  for  testing  gas  turbine;  1 

- valve/gate  locking;  2 - pressure  reducer  of  air;  3 - air  filter;  4 

- tank  compensating;  5 - air  vent;  6 - tank  of  weight  measurement  of 
fuel  consumption;  7 - weight  head;  8 - lever/crank  reducer;  9 - fine 
filter;  10  - pneudraulic  valve;  11  - pneumatic  actuator  of  valve;  12 

- pneumatic  valve  gauging;  13  - total  counter;  14  - coarse  filter;  15 

- valve  with  electric  control. 

Key;  Cl)*  From  air  line;  P = 3-6  atm  (gage) . (2).  To  the  atmosphere. 
(3).  Oil  for  storage  of  article.  (4).  The  emergency  discharge.  (5). 
Console  on  place.  (6).  From  fuel  reservoir.  (7).  the  conventional 
designations.  (8).  fuel/propellant.  (9).  the  emergency  discharge. 

(10).  air.  (11).  Pulse  tubes. 

Page  57. 

From  them  widest  use  was  received: 

a)  for  total  consumption  and  the  account  of  fuel/propellant  - 
volumetric,  mechanical  flow  meters  of  the  type  SVSh,  manufactured  by 
the  plant  "Lenpribor"; 

b)  for  the  specific  measurement  of  the  fuel  consumption  - the 

weight  flow  meters  of  different  constructions  and  volumetric  flow 

meters  of  the  type  "fuel  meter". 
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Table  3.  Comparative  the  data  of  the  accuracy/precisions  of  the 
measurement  of  the  fuel  consumption  by  different  methods  and 


instruments. 
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Key:  (1).  Methods  and  the  instruments  of  measurement.  (2). 

Lesignat ion/pur pose.  {3} . Accuracy  of  measurement  in  o/o.  (4).  Height 
method.  (5).  Automatic  weight  flow  meter.  (6).  For  the  measurement  of 
the  specific  fuel  consumption.  (7).  Height  flow  meter  with  manual 
control.  (8).  The  same.  (9).  Volumetric  method.  (10).  Measuring 
flasks.  (11).  Fuel  meter.  (12).  Volumetric  mechanical  flow  meters  of 
the  type  SVSh  and  others.  (13).  For  total  propellant  construction. 
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Fig.  19.  Schematic  diagram  of  automatic  fuel-metering  device:  1 - 
saall  tank  for  fuel/propellant;  2 - weights;  3 - electric  lotor;  4 - 
electroaag net;  5 - photocell;  6 — illuminating  tube;  7 - cup  weights; 
8 and  9 - rapid-action  valves  with  remote  control- 

Key:  (1).  To  motor.  (2).  To  the  drain  line.  (3).  From  fuel  storage. 


Page  58. 
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Pig.  19,  depicts  the  scheaatic  diagram  of  automatic  weight  flow 
meter,  developed  by  workers  of  NAMI,  while  in  Fig.  20  - its  general 
view.  This  flow  mater  is  simple  by  construction,  it  is  convenient  and 
reliable  in  work.  The  consumption  in  it  is  determined  from  the  time 
of  consumption/production/generation,  previously  known  fuel  load.  Are 
applied  two  operating  modes:  without  the  measurement  of  consumption 
and  with  the  measurement  of  the  fuel  consumption.  In  the  run  of  job 


when  the  measurement  of  flow  rate  is  not  produced,  engine  feeds  from 
the  ccnduit/manifold,  connected  with  fuel  reservoir.  In  this  case 
valve  9 is  opened,  and  valve  8 is  closed. 

Small  tank  1 in  this  case  is  completely  filled.  Control  of 
filling  of  small  tank  is  produced  with  the  aid  of  photocell  5.  With 
the  illuminations  of  photocell  is  open/disclosed  valve  9 a nd  is 
switched  on  electromagnet  4;  with  the  blackout  of  photocell,  is 
closed  valve  9 and  is  de-energized  electromagnet  4. 

Before  measurement  valve  8 is  opened,  and  valve  9 is  closed. 
Small  tank  1 is  completely  filled,  to  which  testifies  the  blackout  of 
photocell.  With  pushing  of  knob,  the  "measurement"  valve  8 is  closed, 
and  valve  9 is  open/disclosed,  as  a result  of  which  into  engine 
begins  to  enter  fuel/propellant  from  smell  tank  1.  After  the 
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consumption/product ion/generation  of  a snail  quantity  of 
fuel/propellant,  the  weights  get  into  equilibrium,  photocell  again  it 
is  illuminated  and  gives  the  signal. 
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tank  for  fuel/propellant;  2 - weight;  3 - electric  motor;  4 - 
electromagnet;  5 - photocell;  6 - tube  illuminating;  7 - weights  cup. 

Page  59. 

In  this  case,  electric  motor  3 lowers  set  of  weights  2 to  the  balance 
pan  with  small  tank,  which  droops.  After  the  consumption  of 
fuel/propellant,  equal  in  weight  to  weight  2,  the  weights  again  get 
into  equilibrium  and  is  measured  the  time,  spent  to  the 
consumption/production/generation  of  the  measured  quantity  of 
fuel/propellant.  At  equilibrium  the  photocell  again  sends  the  signal 
by  which  electric  mctor  3 builds  up  weight  2,  in  consequence  of  which 
valve  9 .is  closed,  and  valve  8 is  open/disclosed.  Before  the 
following  measurement  the  small  tank  again  is  filled. 

Sometimes  bench  fuel  systems,  besides  weight  or  volumetric  flow 
meters,  are  supplemented  by  the  unit  of  the  rotameter  which  gives  the 
representation  of  value  and  character  of  the  fuel  consumption  at  any 
time  of  the  operation. 

The  capacitance/capacity  of  volumetric  glasses  of  fuel  meter 
either  service  tanks  of  weight  flow  meters  is  determined  from  the 
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where  V is  the  capacity  of  volumetric  glass  of  fuel  meter  or  service 
tank  of  weight  flow  meter  in  t; 

CT  is  a fuel  consumption  by  engine  in  kg/h; 

t - time  from  beginning  to  the  end  of  the  reading,  i. e- , the 
duration  of  measurement  in  s.  This  time  should  accept  within  limits 
from  20  to  40  s; 

r - specific  gravity  of  fuel  in  kq/t. 

For  gas  turbines  and  the  piston  engines,  working  with  the  direct 
fuel  injection,  large  value  has  a quality  of  filtration-  To  avoid  the 
blockage  of  injectors  or  damage  of  the  plungers  of  the  fuel 
high-pressure  pumps,  manufactured  with  very  high  accuracy/prec ision, 
some  types  of  these  engines  reguire  so  that  the  mechanical  impurities 
in  the  fuel/propellant  will  be  trapped  by  fine  filter  are  not  more 
than  5-10  p in  diameter.  In  connection  with  the  fact  that  the  gauze 
filters  even  with  extra-fine  grid  cannot  hold  such  particles,  while 
in  felt  and  different  cloth  filters  occurs  precipitation  of  separate 
filaments,  recently  wide  application  find  paper  filters.  In  them  as 
the  filtering  cell/element,  they  are  applied:  the  specially  machined 
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porous  paper  pulp  or  paper  tape  impregnated  with  special  resins  for 

H 

imparting  to  it  the  strength  in  wet  fora  and  the  determined  filter 
discrimination.  Fig.  21,  shows  this  filter  of  the  English  firm  SAU  of 
corporation  Lukas,  who  according  to  her  data  filters  particles  no 
larger  than  1-3  p. 

Application/use  in  the  bench  systems  of  fuel  fine  filters 
contributes  to  an  improvement  in  the  quality  of  work  of  the  engines 
of  series  production  and  frequently  it  is  extremely  necessary  with 
the  experimental  finishing  of  engines  in  research  laboratories. 

Page  60. 

The  throughput  capacity  of  aain-line  distributing 
conduit/aa nifold  is  determined  by  the  hourly  consumption  of  the 
fuel/propellant,  consumed  by  experimental  station,  fron  the  following 
equation: 

Gcy„M  = G TnrtKodH  the  kg/h  (7) 

where  Gci/Mm  is  total  consumption  of  f uel/propellant  by  all, 
simultaneously  working  testing  units,  or  the  throughput  capacity  of 
aain  conduit,  in  kg/h; 
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Gr  — the  fuel  consumption  by  one  testing  unit  at  the  nominal 
power  of  engine  in  kg/h; 

n - total  number  of  test  installations; 

n - the  coefficient  of  average  load  of  engine  according  to 
power  for  the  time  cf  its  all  tests.  In  the  majority  of  cases  "H  = 0.5 
— 0,8  from  the  nominal  power  of  engine,  which  approximately  corresponds 
to  the  same  shortening  in  the  fuel  consumption; 

Kodll  - the  diversity  factor  of  work  of  testing  units.  This 
coefficient  is  defined  as 

^ = (8) 

1 npuH 

where  T,  - the  duration  of  the  operation  on  unit  (stand)  for  the  time 
of  all  its  tests,  or  the  so-called  operating  time  of  engine  on  to 
gas,  in  h; 

cpac  is  a quantity  of  stands,  which  reguire  according  to 
calculation; 

Kk  - the  variation  factor  of  stand  operations,  which  considers 
the  most  adverse  agreements  of  work  of  several  installations  and 
possible  jerky  feed  of  engines  to  experimental  station.  The  value  of 
this  coefficient  should  accept  within  the  linits  K„=  1.10-1.20; 


I 
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T 2 - the  general  labor  coasaaption  of  bench  works  as  the  time  of 
all  tests  of  engine  in  aachine-hours ; 

i 

cnPvH  ~ a quantity  of  taken  stands. 

Note.  With  a quantity  of  stands  less  than  four  product  of  the 
number  of  stands  n by  diversity  factor  Koh  in  fornula  (7)  one  should 
round  to  integer  to  large  side. 

If  experimental  station  contains  stands  for  the  engines  of 
different  power,  the  throughput  capacity  of  main  conduit  one  should 
determine  according  to  each  group  of  stands  separately  with  the 
subsequent  summation  of  the  obtained  results. 

At  discharge  velocity  indicated  above,  hydraulic  losses  from 
friction  on  the  direct/straight  sections  of  conduit/manif o Ids  for 
bright  oil-products  are  0-01-0.025  a H2C  on  1 lin-  m.  of 
conduit/manifold. 

Page  61. 

In  bench  fuel  systems  common/general/total  hydraulic  losses  taking 
into  account  all  local  resistance,  including  the  resistance  in 
fittings  and  equipment,  they  are  from  7 to  12  a water  column-  If 
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necessary  of  obtaining  the  sore  precise  values  all  of  their  these 
resistance  one  should  determine  by  hydraulic  design  accord ing  to  the 
procedure,  presented  in  §7  of  Chapter  V. 

All  fuel  lines  can  be  aanufactured  froa  the  steel  seamless  pipes 
of  general  purpose  or  froa  petroleua-gas-water-conducting  tubes.  Fuel 
lines  up  to  50  aa  in  diameter  should  be  assembled  with  the  aid  of 
threaded  connections,  but  for  diaaeters  above  50  am  - a way  of  flange 
joints.  Quantity  of  connections  in  fuel  pipes  should  be  minimum,  but 
sufficient  for  the  periodic  joint  of  systea.  The  permanent 
connections  of  fuel  pipes  are  produced  into  joint,  by  welding  by 
good-quality  electrodes. 

As  sealing  material  in  the  places  of  the  packing/seal  of  the 
connections  of  fuel  pipes  and  fittings,  are  applied  gas  and  petroleum 
stable  materials:  vinyl  chloride,  sovprene  and  other  plastics.  With 
the  connection  of  fuel  pipe  to  engine  for  convenience  in  installation 
and  extinguishing  of  vibration  it  is  expedient  to  produce  with  the 
aid  of  flexonics  in  the  fora  of  the  flexible  hoses  of  the  type  of 
Superflex,  durite  hose/pipes  and  gasoline- resistant  clutches, 
hose/pipes  of  braiding  construction,  but  for  high  pressures  - elastic 
aetallic  hose/pipes  aade  of  the  seaaless  corrugated  brass  tubes. 
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installation  decontaminated  from  contamination  and  scale.  Cleaning 
tubes  is  produced  nechanically  or  by  hand  with  the  aid  of  wire 
brushes  to  metallic  luster.  After  purification/cleaning  the  internal 
surface  of  tubes  is  washed  with  an  antirust  solution  or  kerosene  and 
is  sweat/dried. 


The  external  surface  of  tubes  also  is  cleaned  of  dirt  and  scale, 
after  which  they  are  welded  into  coaponent/links  along  3-4  tubes.  The 
welded  joints  of  tubes  are  tapped  by  hamaer*  and  through  each 
coaponent/link  is  run  2 tines  wire  brush  for  descaling  nf  tube  in  the 
places  of  the  welded  joints. 
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After  welding  and  installation,  the  conduit/aanifolds  and  entire 
system  as  a whole  are  tested  for  strength  with  hydraulic  pressure, 
but  on  density  - by  pneumatic  pressure.  The  value  of  these  pressures 
and  the  holding  time  are  determined  depending  cn  the  operating 
pressure  of  system  from  the  norms  of  Gosgortekhnadzor  [99sp15  - State 
Committee  of  the  Council  of  Ministers  for  Supervision  of  Industrial 
Safety  and  for  Mining  Inspection  (BSFSB) 

The  seal  of  the  connections  of  the  welds  of  tubes,  of  close 
fitting  valve  and  connections  to  equipment  with  the  filling  of  them 
with  the  compressed  air  is  checked  by  means  of  smearing  by  their  scap 
solution. 

All  conduit/manifolds,  cisterns,  the  drainage  tanks  etcetera  the 
equipment,  sunk  into  the  earth/ground,  must  have  protective  coatings 
from  the  corrosive  effect  of  the  surrounding  soil. 

Before  the  imposition  of  protective  coatings,  the 
conduit/manifolds,  cisterns,  tanks  etcetera  equipment  preliminarily 
must  be  tested  to  strength  and  density  and  are  decontaminated  from 
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contaainat ion,  scale  and  rust  to  aetallic  luster.  As  protective 
coating  can  be  used  the  following  bituainous  mixtures,  applied  in 
three  layers: 

a)  the  first  layer,  as  priaing,  will  be  applied  in  cold  state, 
consists  it  of  two  parts  by  the  weight  of  the  paraffin  tar,  one  part 
of  benzene  and  four  parts  of  the  gasoline  of  the  second  type: 

b)  the  second  and  third  coverings  are  bituainous  mixture  85o/o, 
splitta  of  bitunen  No  3,  three  parts  of  bituaen  No  5 and  1 5o/o  of 
kaolin  or  asbestos  dust.  Bituainous  aixture  will  be  applied  in  hot 
state.  The  third  layer  will  be  applied  after  the  cooling  of  the 
second  layer. 


§2.  Oil  systeas. 

Of  the  aajority  of  the  engines  of  lubrication  systea,  they  are 
fulfilled  with  the  closed  systea  of  circulation.  In  transport  engines 
oil  cooling  is  produced  by  air  flow  during  the  aotion  of  aachine  or 
by  the  special  setting  up  of  fan.  In  other  engines  this  cooling  is 
realize/accoaplished  in  heat  exchangers  - radiators  - air  flow  or 
water.  During  bench  tests  when  engine  is  located  in  fixed  position, 
for  oil  cooling  in  the  aajority  of  cases,  it  is  necessary  to  resort 
to  bench  radiators.  Furthermore,  during  the  test  work  of  engines  it 
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is  necessary  to  ensure  monitoring  of  work  of  the  system  of 
lubrication  and  to  simultaneously  produce  the  determina tio n of  the 
consumption  of  oil. 

Therefore  testing  units  usually  into  the  lubrication  system  of 
engine. 

For  the  majority  of  installations*  bench  oil  systems  are 
provided  for  individual*  and  sometimes  when  it  is  not  required  to 
conduct  the  measurement  of  the  consumption  of  cil  of  the  tested 
engines,  such  systems  can  be  common  for  the  group  of  stands  or  for  an 
entire  experimental  station. 

Page  63. 

The  oil  supply  of  testing  units  and  the  return  of  waste  oil  can 
be  realize/accomplished  centralized  or  with  the  aid  of  intrashop  and 
interdepartmental  conveying  devices. 

The  centralized  oil  feed  is  realize/accomplished  with  the  aid  of 
pump  on  the  oil  line,  which  connects  oil  storage  with  the  expenditure 
capacitance/capacity  of  experimental  station.  For  each  type  of  oil, 
one  should  establish/install  separately  one  feeding  and  one  discharge 
leads,  the  latter  is  simultaneously  the  conduit/manif old  of  the 
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emergency  discharge.  The  centralized  oil  system  is  advisable  with  the 
consumption  not  less  than  1-1.5  t into  replacement.  The 
conduit/manifolds  of  the  centralized  oil  supply  are  laid  in  channel 
together  with  their  warming  steam  line  which  must  be  included  into 
common/general/total  with  them  thermal  insulation.  All  oil  lines  must 
be  packed  with  gradient/draft  to  the  side  of  power  supply.  Minimum 
gradient/draft  within  the  limits  of  experimental  station  must  be  not 
less  than  0.01v  and  of  external  main-line  oil  lines  it  is  not  less 
than  0.003. 

In  the  case  of  the  delivery/procurement  of  oil  on  butter  storage 
with  the  aid  of  mobile  conveying  devices  in  flaqks  with  experimental 
station,  one  should  provide  fcr  oil  room  where  must  be  produced 
preheating,  storage  and  distribution  of  oil  on  units. 

Depending  on  the  consumption  of  oil,  this  distribution  can  be 
organized  both  in  the  small  tare  on  trucks  or  electric  cars  and  on 
special  conduit/manifolds;  distribution  on  oil  line  will  be  advisable 
with  the  consumption  of  oil  not  less  than  this  was  shown  above. 

In  certain  cases  can  be  provided  for  the  closed  circulation  oil 
system  for  several  testing  units. 

The  basic  equipment  of  this  system,  which  consists  of 
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expenditure  oil  tank  with  the  preheating  of  oil,  centrifuge  or 
pressure  filter  for  purification/cleaning  of  oil,  pump  and  drainage 
oil  tank  are  usually  furnished  in  basenent  or  in  specially  separated 
oil  rooi  under  the  condition  of  providing  the  possibility  of  the 
drainage  of  oil  from  the  feeding  and  drain  conduit/manifolds,  laid  in 


channel.  The  wide  application  of  the  closed  circulation  oil  system  is 
liaited  to  the  absence  of  possibility  to  conduct  the  measurement  of 
the  consumption  of  oil  with  the  required  accuracy/precision  in  each 
engine,  which  passes  testing,  to  check  the  circulation  of  oil  at  each 
unit  and  to  change  the  tenperature  conditions  of  the  lubrication 
system  of  separately  each  engine. 

These  shortcomings  are  deprived  the  individual  systems  of  oil 
supply  with  separate  oil  feed  for  each  testing  unit. 

Page  64. 

Such  of  system  they  must  be  equipped  with  equipment  and  the 
equipment,  arrange/located  in  the  direction  of  oil  outlet  from  engine 
in  the  following  direction: 

1)  the  signal  indicator  of  the  detection  of  shaving  (for  the 
engines  whose  crankshaft  has  slide  bearings): 


I 


DOC  = 77233305 


page  / 4 (j 


2)  filter  oil; 

3)  the  radiator  of  oil  cooling; 


4)  the  indicator  of  the  course  of  oil; 

5)  upper  expansion  oil  tank  with  foam  separator; 

6)  expenditure,  measured  oil  tank  or  the  aggregate/unit  of  the 
weight  flow  rate  of  oil; 

7)  filter  is  oil. 

Sometimes  on  the  scavenge  pipe  before  the  filter,  is 
establish/installed  reduction  bypass  valve  for  a preservation  from 
the  destruction  of  the  filtering  cell/ele ments  and  radiator  with  the 
increased  oil  pressure  in  the  case  of  the  possible  circulation  of  oil 
not  heated  through  through  the  filter.  Iq  this  case  the  tightening  of 
the  spring  of  reduction  valve  must  ensure  the  bypass  of  oil  at  a 
pressure  before  the  filter  and  the  radiator  not  higher  than 
permissible. 
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To  avoid  the  launch  opportunity  of  engine  vith  the  closed 
tap/crane  of  oil  feed,  is  provided  for  its  blocking  with  the  ignition 
systea  of  engine  or  the  starting/launching  rack  of  fuel  pump. 


The  drainage  of  surplus  oil,  which  enters  from  assemblies  and 
oil  systea  as  a whole,  one  should  produce  into  drainage  system  or 
through  the  drainage  emergency  oil  line  into  the  drainage  tank  of 
waste  oil. 


In  the  places  of  possible  air  lock  for  the  non-admission  of  the 
formation  of  air  locks,  the  lubrication  systea  aust  be  equipped  with 
atmospheric  tap/cranes  or  autoaatic  air  vents. 


The  scheaatic  diagram  of  bench  oil  systea,  comprised  in 
connection  with  the  tests  of  gas  turbines,  is  given  in  Fig.  22. 


Basic  initial  value  for  deteraining  the  diaaeter  of 
conduit/aanifolds  and  calculation  of  the  hydraulic  resistance  of  oil 
systea  is  the  circulation  of  oil.  The  latter  depends  on  the 
construction  of  engine  and  it  aust  be  assigned/prescribed  by 
technical  specifications.  In  the  absence  of  these  data  pun  ping  of  oil 
in  the  system  of  engine  or  in  bench  oil  systea  G M it  can  be 
deterained  by  the  fcraula 
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G = 


c.Y^A  (-60 


t/aia  (9) 


where  Q M is  a heat  emission  into  oil  in  kcal/b; 


cM  - the  heat  capacity  of  oil;  during  with  sufficient 
accuracy/precision  for  all  mineral  oils,  it  is  possible  to  accept 
cM  =0,5  kcal/kg; 


7„  - specific  gravity/weight;  it  is  possible  to  accept  Y M — 0.9 

kg/1; 

At  - a difference  in  the  temperatures  of  oil  at  output/yield  and 
the  engine  inlet  in  °C. 


Page  65- 

Heat  emission  into  oil  Q „ is  accepted  according  to  the 
technical  specifications  of  engine.  It  can  be  also  determined  from 
the  equation 


QM  = GTUuk  kcal/h  110) 


6 


where  G,  - the  hourly  consumption  of  the  fuel/propellant,  expended 


— 


by  engine,  in  kg/h ; 
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Hu  - fuel  heating  value  in  kcal/kg; 

k - the  coefficient,  vhich  considers  heat  emission  into  oil  from 
entire  heat,  introduced  into  engine.  Approximately  this  heat  emission 
for  all  types  of  piston  engines  is  approximately  1o/o,  i.e.,  k=  of 
0.01,  and  for  gas  turbines  it  is  possible  tc  approximately  accept 
0.0024 

A difference  in  the  temperatures  of  oil  at  output/yield  and  the 
engine  inlet  for  piston  engines  is  30-4D°C,  also,  for  gas  turbines 
from  40  to  50°C. 

Por  the  purpose  of  decrease  in  the  hydraulic  resistance  in  bench 
oil  system,  the  feed  rate  of  oil  in  conduit/manifolds  one  ought  not 
to  accept  above  1-1.5  m/s.  Circulation  oil  line,  in  particular  on  the 
section  of  the  suction  line,  must  be  as  far  as  possible  shorter  and 
more  direct/straight,  without  sharp  rotations  and  the 
transfer/transitions  of  section/cuts. 
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Pig.  22.  Schematic  diagram  of  bench  oil  systea  for  testing  gas 
turbines:  1 - upper  oil  tank  with  foaa  separator;  2 - service  tank;  3 
- discharging  jet;  4 - check  valve;  5 - flowing  electric  heater;  6 - 
radiator;  7 - shutoff  valves;  8 - filter;  9 - teaperature  controller 
of  type  RTPD-80;  10  - flow  meter  of  type  SVSh;  11  - pumping  unit. 

Key:  (1).  Control  board.  (2).  Drain  of  water-  (3)-  Water  supply.  (4). 
Oil  feed.  (5).  Oil  drain.  (6).  Basic  oil  outline/contour.  (7). 
Pipeline  of  the  preheating  of  oil.  (8).  Conduit/manifold  of  air 
outlet.  (9).  Drainage  line-  (10).  Pulse  tubes. 

Page  66. 

The  local  resistance  of  this  section  must  be  minimal.  The  diameters 
of  the  suction  and  evacuating  sections  of  systea  one  should  accept 
identical.  The  construction  of  filter  at  oil  outlet  from  engine  must 
provide  the  possibility  of  convenient  and  rapid  inspection  and  its 
purification/cleaning.  Is  recommended  the  application/use  of  the  dual 
filters  which  aake  it  possible  to  produce  this  switching  for  control 
during  engine  testing  without  stop. 

For  purification/cleaning  of  oil  can  be  applied  the  filters  of 
the  different  types:  mesh,  felt,  fabric,  paper  and  others.  Widest  use 
received  gauze  filters. 
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For  the  plum  of  waste  oil  from  an  entire  oil  system,  and  also 
for  the  emergency  discharge  of  oil  the  system  must  be  equipped  with 
the  drainage  oil  tank,  which  ensures  the  possibility  of  the 
self-flowing  drain  in  it  of  oil. 

Expenditure  and  drainage  oil  tanks  are  supplied  with  steam  or 
more  convenient  in  operation  by  the  electrical  tubular  preheating 
devices. 

For  providing  the  normal  operation  of  engine,  bench  individual 
oil  systems  must  be  equipped  with  foam  separator.  Most  effectively 
foam  separator  works  on  hot  oil,  and  therefore  it  one  should 
establish/install  in  upper  receiving  oil  tank,  in  the  scavenge  pipe, 
before  the  cooling  radiators.  One  should  apply  foam  separator  with 
tangential  oil  supply  into  the  housing  of  the  foam  separator  which  is 
furnished  above  the  highest  oil  level  of  upper  oil  tank  with  the 
filtration  of  oil  through  the  grid. 

The  filtering  grid  of  foam  separator  must  be  applied  from  brass 
grid  with  500-700  cells  on  1 cm*.  To  each  liter  of  the  circulation  of 
cil  per  minute,  one  should  accept  10-15  cm*  of  this  grid. 
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The  neasurenant  of  circulation  or  consunption  of  oil  can  be 
produced  with  volumetric  or  weight  method.  The  accuracy/precision  of 
measurement  by  voluaetric  method  cannot  be  reached  more  than 
0.5-1i0o/o,  whereas  weight  it  can  be  obtained  by  0.2-0.  3o/o-  For 
weight  measurement  can  be  used  the  assembly,  similar  fuel,  described 
above,  or  the  weight  flow  meters  of  other  constructions- 

Radiators  or  heat  exchangers  for  oil  cooling  by  water  are 
establish/installed  on  the  scavenge  pipe  of  bench  oil  system.  If 
necessary  for  the  unit  of  several  radiators,  the  latter  ate  installed 
according  to  the  pattern  of  parallel  or  series  connection.  The 
pattern  of  parallel  connection  of  radiator  gives  greater  conveniences 
in  operation  and  smaller  hydraulic  resistance,  but  it  reguires  large 
heat- transfer  area.  In  practice  larger  propagation  received  these 
diagrams  as  more  maneuverable  and  more  reliable. 

The  temperature  constancy  of  oil  is  reached  by  the  guantitative 
control  of  oil,  which  goes  across  the  radiator  and  besides  it,  by 
means  of  further  mixing  with  cold  oil  or  by  flow  control  of  cooling 
water  in  radiator. 

Page  67. 

The  temperature  control  of  oil  should  realize/accomplish 


autonatica lly  with  the  aid  of  a temperature  controller  of  the  type 
BTPD-80  or  by  other  means-  Manual  control  is  very  inconvenient  and  it 
is  labor-consuming,  it  one  should  avoid. 

The  consumption  of  the  water,  passing  through  the  oil-cooling 
radiator,  for  one  testing  unit  is  determined  from  the 
relationsh ip/ratio 

,11) 

where  G , is  consumption  of  the  water  through  the  radiator  in  1/h ; 

Qm  - heat  emission  from  oil  into  water  in  kcal/h; 

t2-tx  - a difference  in  the  temperatures  between  coming  out  and 
entering  water,  which  takes  place  through  the  radiator,  in  °C. 

For  an  entire  experimental  station  the  consumption  of  the  water, 
bolt  oil  will  compose 

= G.nKodK  l/h  (12) 

where  G ,.eyM  is  total  consumption  of  water  for  an  entire  experimental 
station  in  t/ h; 
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G , - the  consumption  of  water  for  one  testing  unit  in  i// h; 

tab  KodH  - the  diversity  factor  of  work  of  installations,  determined 
on  formula  (8)  ; 

n - a quantity  of  testing  units. 

With  the  large  consumption  of  water  for  oil  cooling,  liquid 
cooling  of  engines  and  cooling  braking  devices,  it  is  expedient  these 
cooling  systems  to  switch  on  in  the  single  closed  loop-type  system  of 
water  supply.  The  latter  can  be  also  used  also  for  other  needs  of 
enterprise. 

If  necessary  of  determining  the  heat  balance  from  heat  emission 
from  oil  into  water  at  entrance  and  exit  of  water  from  radiator,  one 
should  establish/install  the  sensors  of  telethermometers  and 
water-gauge  nozzles  or  washers  for  measurement  on  the  differential 
manometer  of  the  consumption  of  the  entering  the  radiator  water. 

I 1 

The  unit  of  throttle  water-gauge  washers  or  it  puffed  it  must 
correspond  to  technical  requirements  for  their  operation.  Materials 
for  tubes  and  the  connection  of  oil  lines  are  used  per  the  GOSTs  and 


fCr  * 
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standards,  recommended  for  fuel  pipes. 

Hydraulic  design  of  oil  system  is  reduced  to  the  determination 
of  the  diameter  of  the  suction  line  on  the  basis  of  the  conditions  of 
the  permissible  losses,  the  determination  of  losses  to  suction  in  the 
scavenge  pipe  and  the  determination  of  the  position  of  the  level  in 
expenditure  oil  tank. 

For  calculation  must  be  comprised  the  assexbly  diagram  of  oil 
system  with  the  indication  of  entire  reinforcement  and  connections, 
conduit/manifolds,  rotations  and  linear  dimensions  of  horizontal  and 
vertical  sections.  The  viscosity  of  oil  during  calculation  one  should 
accept  in  accordance  with  the  temperature  conditions  of  the  normal 
operation  of  engine.  The  determination  of  hydraulic  resistance  is 
produced  according  to  the  method,  presented  below. 
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§3  Cooling  systems. 

Under  conditions  of  bench  tests  for  piston  engines  in  their 
majority,  as  a rule,  are  applied  the  systens  of  the  liquid  cooling 
which  can  be  connon/general/total  for  the  group  of  testing  units  or 
individual  for  each  stand. 

Depending  on  the  construction  of  engine  and  its  tenperature 
conditions  for  cooling,  are  applied  the  conmon  open  systems,  working 
under  ataospheric  pressure,  or  the  closed  systens,  working  with 
overpressure. 

The  najority  of  propulsion  test  facilities  has  the  open  cooling 
systens  with  the  application/use  as  the  cooling  fluid  of  water.  As 
the  target/purposas  of  the  provision  for  the  required  thernal  engine 
operating  mode  and  naintenance  of  the  necessary  tenperature 
differential  of  the  entering  and  coning  out  water,  and  al3o  for 
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decrease  in  fouling,  bench  cooling  systeas  are  applied  mainly 
circulation,  in  which  the  water,  which  cools  engine,  accomplishes 
circular  Motion  according  to  the  closed  diagram.  Cooling  the  water, 
which  circulates  in  this  system,  is  produced  in  special  haat 
exchangers  or  water- to- water  radiators  by  the  flowing  cooling  water, 
which  circulates  on  the  second  heat-exchanger  circuit. 

The  maximum  permissible  water  hardness,  which  cools  experimental 
engine  in  bench  system,  is  determined  by  the  technical  specifications 
of  its  operation.  The  practice  of  the  heat  engineering  tests  of 
engines  indicates  the  need  of  applying  cooling  water  lower  than 
average  hardness,  less  than  8-10°  H. 

For  decrease  in  the  scale  formation  and  corrosion,  it  is  useful 
to  cooling  water  was  added  bichromate  - potassium  bichromate.  The 
addition  of  bichromate  to  water  contributes  to  appearance  on  the 
surface  of  the  metal  of  anticorrosive  film  and  to  the  formation  of 
the  soluble  salts  of  chroaic  acid,  which  decreases  the  scale  deposit. 
A quantity  of  additive  of  bichromate  depends  on  water  hardness.  Thus, 
for  instance,  with  common/general/total  water  hardness  not  higher 
than  the  average  of  the  addition  of  bichromate  it  must  be  0. 3o/o  by 
weight. 


The  selection  of  individual  bench  or  coaaon/general/total  group 
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cooling  system  is  determined  by  technical  test  conditions  of  engine 
and  by  requirements  for  the  production  of  any  experimental  work  which 
can  be  carried  out  at  this  installation.  Thus,  for  instance,  need  of 
determining  the  heat  balance  at  installation  requires  the  individual 
bench  cooling  system,  equipped  with  equipment  for  the  production  of 
such  tests.  Fig.  23,  depicts  the  schematic  diagram  of  the  bench 
system  of  water  cooling  in  connection  with  production  type  tests  of 
diesel  21D100.  The  temperature  constancy  of  the  water,  entering  the 
engine,  is  reached  by  the  quantitative  control  of  the  duct  of  the 
industrial  cooling  water  of  the  secondary  circuit  or  by  the  bypass  of 
the  part  of  the  primary  water  besides  radiator. 

Page  69. 

It  is  more  is  more  conveniently  this  control  produced 
automatically  with  the  aid  of  temperature  controller.  For  example, 
for  this  purpose  can  be  used  the  temperature  controllers  of  the  type 
RTPD-80  and  others. 

The  inconvenience  of  manual  control  is  aggravated  even  by  the 
facts  that  with  the  arrangement  of  the  test  benches  in  the 
isolated/insulated  boxes  coding  must  be  produced  remotely  from  the 
cabin/compartment  of  control  with  the  aid  of  handwheels  and  the 
stock/rods,  connected  with  adjustable  values. 


r 


!h» 


The  diameter  of  the  conduit/aanifolds  of  cooling  system  is 
determined  by  a quantity  of  pumped  through  water  and  by  its  speed. 

k quantity  of  pumped  through  water  is  determined  from  the 
formula  (9),  which  for  cooling  water  assumes  the  form 

| 0'  “ AT60  ' ‘,3> 

where  G,  is  a quantity  of  pumped  through  water  in  the  cooling  systea 
of  engine  in  1/min;  Qn  is  a heat  emission  of  engine  into  water  in 
kcal/h;  At  - a difference  in  the  temperatures  of  water  at 
output/yieJd  and  the  engine  inlet  in  °C. 
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Fig.  23.  The  scheaatic  diagram  of  the  bench  system  of  the  water 
cooling  of  diesel  21D100:  1 - shutoff  valve;  2 - tube  for  the 
drainage  of  vapors;  3 - expansion  tank;  4 - gauge  glass;  5 - 
manometer;  6 - telethermometer  of  the  water,  which  enters  the  engine; 
7 - pump;  8 - telethermometer  of  the  water,  coming  out  from  engine;  9 
- sensor  of  electr othermometer ; 10  - sensor  of  the  signaling  of  the 
temperature  of  water;  11  - temperature  controller  of  the  type 
FTPD-80;  12  - radiator. 


Key;  ^) . After  adding  fresh  water,  (b) . Drain  of  the  excess  of 
water,  (c) . The  conventional  designations',  (d)  . Distilled  water,  (e)  . 
Filling  and  drain  from  system,  (f)  . To  drain,  (g)  . For  cooling  of  gas 
exhaust,  (h)  . Tap  water. 
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Heat  eaissioa  into  vater  Q,  one  should  accept  according  to  the 
technical  specifications  of  engine.  In  the  absence  of  these  data,  it 
can  be  approximately  accepted  in  size/diaension  of  15-18o/o  of  entire 
heat  of  combustion  of  the  introduced  into  engine  fuel/propellant  and 
it  is  determined  by  the  formula  (10),  in  which  one  siould  accept  k = 
0.15-0.18.  A difference  in  the  temperatures  of  vater  at  cutput/yield 
and  entry  At  of  the  majority  of  engines  is  10-12°C. 

The  speed  of  water  in  the  systea  of  liquid  cooling  one  ought  not 
to  accept  above  2-3  a/s.  The  cooling  water  pipe  must  be  fulfilled 
without  abrupt  changes  in  the  flow  areas  and  with  the  smallest  number 
of  bends.  An  inside  radius  of  the  roundings  of  tubes  with  bends  aust 
be  not  less  than  2.5  diemeters  of  through  section/cuts  of  tube. 

The  arrangement  of  conduit/manifolds  must  provide  the 
possibility  of  deaeration  from  the  peaks  of  systea  with  its  filling 
with  vater  and  complete  drain  (desiccation)  froa  the  lower  points  of 
all  communications.  The  consuaption  of  the  water,  passing  through  the 
heat  exchanger  of  one  installation  and  an  entire  experimental 
station,  one  should  determine  froa  formulas  (11)  and  (12).  During 
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these  calculations  of  the  value  of  the  corresponding  quantities,  it 
is  necessary  to  accept  conformably  for  the  system  in  question. 

The  centralized  separation  of  water  pipe  for  cooling  of  the  heat 
exchangers  of  testing  units  must  be  produced  by  the  branches,  not 
dependent  from  main  conduit.  The  water  pipe  of  cooling  water  on 
output/yield  from  heat  exchangers  is  fulfilled  in  the  form  of 
self-flowing,  nonramming  line. 

All  the  feeding  and  drainage  water  pipes  are  furnished  in 
special  channels  along  sex/floor.  The  water  pipes  of  the  cold  and 
finishing  or  heated  water  must  be  packed  with  the  gradient/draft: 
cold  water  to  the  side  of  the  source  of  supply,  and  heatel  - to  the 
side  of  its  return.  The  gradient/drafts  of  water  pipes  are  determined 
by  the  possibilities  of  their  arrangement/permutation  and  are 
accepted  by  analogy  with  fuel  pipes. 

The  determination  of  hydraulic  resistance  is  produced  according 
to  the  method,  carried  out  into  §7  of  Chapter  V. 

The  supply  of  cold  water  to  heat  exchangers  or  radiators  should 
produce  from  below,  and  the  branch/reaoval  of  the  cooled  heated  water 
from  above  these  apparatuses. 
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Sometimes  can  prove  to  be  necessary  the  introduction  of  the 
preheating  of  the  engine  before  starting/launching  and  whan 
conducting  of  bench  tests.  This  preheating  can  be  achieve/reached  by 
circulation  by  the  special  heated  water,  which  is  located  in  cooling 
systen. 

The  preheating  of  water  in  cooling  systen  can  be 
realize/acconplished  in  service  tank  with  the  aid  of  tubular  electric 
heaters,  by  hot  water  or  vapor  through  the  coil,  and  also  with  the 
aid  of  pair  or  by  hot  water  by  neans  of  their  connection  to  the  basic 
outline/contour  of  heat  exchangers.  In  all  cases  of  preheating  for 
providing  the  circulation  of  the  hot  water  through  the  engine  in 
systen,  nust  be  provided  for  the  punp  with  its  parallel  connection  to 
the  basic  outline/contour  of  systen. 

Page  71. 

The  warning  heating  aains  and  auxiliary  punp  are  equipped  by  the 
valve/gates  with  the  aid  of  which  they  can  be  disconnected  fron 
systen  after  the  heating  of  engine.  Pairs  or  hot  water  they  are 
connected  to  the  intertube  space  of  heat  exchanger  or  radiator.  Stean 
line  is  connected  to  water  radiators  on  top  with  the  branch/re noval 
of  condensate  fron  below.  For  an  inprovenent  in  the  circulation,  the 
heating  aain  of  the  entering  hot  water  is  connected  fron  below 


radiator*  and  outlet  water  - on  top. 


As  needed  £or  measurement  the  circulation  of  cooling  water  can 
be  produced  with  the  aid  of  it  metering  nozzle  or  disk  washers. 
Hetering  nozzles  or  washers  are  establish/installed  on  the 
direct/straight  sections  of  the  outline/contour  of  cooling  system  in 
accordance  with  technical  specifications  for  their  installation  and 
operation.  The  more  precise  method  of  the  measurement  of  a quantity 
of  puaped  through  water*  and  also  the  deternination  of  the  heat 
balance  of  engine  is  produced  by  weight  aethod  with  margin  of  error 
of  approximately  0.5o/o. 


In  certain  cases  for  provision*  that  the  reliability  of  the 
operation  of  tested  engine  on  the  aaximua  permissible  aode/conditions 
is  expedient  the  signaling  systea  of  theraal  loads  and  pressures  to 
block  with  the  cooling  systems  and  fuel  feeds*  while  in  engines, 
working  with  electric  ignition*  and  with  ignition  systea. 


Control  of  the  systea  of  water  cooling  must  be  produced  from 
control  panel  of  engine. 


Thera ometers  and  the  manometers,  which  show  temperature  and  the 
pressure  of  cooling  water  at  entry  and  at  output/yield  e froa  engine, 
it  is  expedient  to  furnish  on  the  central  flaps  of  control  panel. 


V 
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Depending  on  technical  requirements  and  the  assignment  of 
installation,  the  thermometers  and  manometers  can  be  duplicate/backd 
up/reinforce  by  recording  instruments. 


Auxiliary  monitor ing-measuring  equipment  and  those  instruments, 
which  do  not  require  constant  observation,  can  be  placed  on  the 
auxiliary  panels  of  control  panel. 


§4.  Air-inlet  systems. 


These  systems  include  the  systems  and  the  devices  of  the  inflow 
of  puce  air  into  the  location  of  experimental  station  for  providing 
the  complete  combustion  of  fuel/propellant  in  tested  engines,  the 
ejection  of  waste  gases  for  a reduction/descent  in  their  outlet 
temperature,  and  also  a device  for  the  measurement  of  its  consumption 
in  all  operating  modes.  Por  powerful  piston  engines  and  especially 
gas  turbines,  working  with  the  large  excess  air  ratio,  the  air  flow 
rate  for  the  feeding  of  engine  and  the  ejection  of  waste  gases 
reaches  large  quantities. 


Page  72 
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If  we  during  testing  of  such  engines  do  not  ensure  the  necessary 
inflow  and  sufficient  addit ion/conpletion  of  air,  then  it  can  occur: 

1)  a reduction/descent  in  the  power  of  engine  as  a result  of 

I- 

considerable  ewacuation/rarefact ion  indoor  of  experimental  station; 

2)  the  decomposition  of  the  separate  structures  of  location 
(extrusion  of  windows,  doors,  etc.)  as  a result  of 

evacuation/rarefaction  because  of  the  pressure  differential  between 
external  atmospheric  pressure  and  reduced  pressure  indoor  of  testing 
unit. 


The  air  flow  rate  by  engine  is  determined  from  the  condition  of 
the  complete  combustion  of  the  fuel/propellant 


old 


1 I 

Jmon 

3600 


kg/s. 


(14) 


where  G,nilidt  is  air  flow  rate  by  engine  in  kg/s;  Gmnn  - the 
hourly  consumption  of  fuel/propellant  by  engine  in  kg/h;  L0  is  the 
guantity  of  air,  theoretically  necessary  for  complete  combustion  1 kg 
of  fuel/propellant.  For  gasoline,  kerosene  and  diesel  of 
fuel/propellant  L0  — 14.7  kg  of  air  on  1 kg  of  fuel/propellant;  a - 
the  excess  air  ratio  is  determined  from  the  engine  characteristic.  In 
the  absence  of  these  data  for  calculations  with  sufficient 
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accuracy/precision,  it  is  possible  to  accept:  for  piston  engines  a = 
0.95,  for  gas  turbines  a = 4.0. 

If  necessary  for  cooling  waste  gases  by  aizing  length  of  their 
with  the  ejected  air  its  flow  rate  will  be  determined  by  a guantity 
of  gases,  by  their  initial  temperature  and  the  final  temperature  of 
mixture.  The  ratio  of  a guantity  of  air,  necessary  for  cooling,  to  a 
quantity  of  waste  gases,  coming  out  from  engine,  taking  into  account 
their  temperature  state  will  be  determined  by  the  coefficient  of 
ejection,  which  can  be  obtained  from  the  relationship/ratio 


K"  = 7 


(15) 


a oh  atriM 


where  Ku  is  a coefficient  of  ejection;  is  temperature  of  exhaust 

gases  on  leaving  from  engine  in  °C;  tKOH  is  the  final  temperature  of 
mixture  in  °C;  tam„  - the  temperature  of  the  ejected  air  in  °C. 

The  temperature  of  waste  gases  on  leaving  from  engine  one  should 
accept  according  to  the  technical  specifications  of  engine.  For 
diesels  this  temperature  comprises  t,u  * 700-800°c,  also,  for 
remaining  piston  internal  combustion  engines  t d,  - 800-90}  °C. 


For  gas  turbines 


400-600°C. 


The  final  temperature  of  the  outgoing  mixture  of  waste  gases 
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with  air  must  be  determined  by  that  maximum  permissible  temperature 
which  can  long  and  reliably  Maintain  the  constructions  of  the 
gas-discharge  and  soundproofing  devices.  Data  on  these  temperatures 
are  given  in  Chapter  VIH. 

Page  73. 

The  temperature  of  the  ejected  air  one  should  accept  according  to  the 
temperature  of  surrounding  air  of  relatively  prolonged  period  in 
summer  as  more  adverse  conditions  for  cooling  of  the  nastered  gases. 
For  areas  of  moderate  room  this  temperature  it  will  comprise  iamv  = 

- 25°C. 

Thus,  the  complete  air  flow  rate  for  providing  the  complete 
combustion  of  fuel/propellant  in  tested  engines  taking  into  account 
the  air  flow  rate  for  the  ejection  of  waste  gases  for  one  testing 
unit  will  comprise 

+ Kn)  kg/s,  (16) 

where  Gno,.ro3d  is  complete  air  flow  rate  for  one  testing  unit  in  kg/s; 
G'ojfl.d,  ~ the  expenditure/consumption  of  air  of  engine  in  kg/s;  A'„  is  a 


coefficient  of  ejection 


DOC  = 77233306 


page  yf 


With  the  arrangement  of  several  testing  units  in  one  location, 
the  complete  air  flow  rate,  determined  fay  formula  (14)  , aust  be 
increased  by  the  nuaber  simultaneously  of  working  installations.  For 
the  purpose  of  the  compensation  for  the  inflow  of  the  expendable  air 
it  is  necessary  indoor  testing  units  to  provide  for  supply  or  as  thea 
are  frequently  called,  the  air-suction  shaft/aines  and  channels.  If 
necessary  they  are  equipped  by  the  sound-deadening  devices,  since  on 
high  noise  level  indoors  of  the  experiaental  station  through  these 
shaft/aines  noise  it  will  penetrate  outside. 

Air-intake  shaft/aines  can  be  both  individual  for  each  testing 
unit  and  coanon/general/total  for  several  installations,  if  in  this 
case  noise  propagation  on  then  will  not  be  interf erence/jaaaing  for 
adjacent  installations. 

The  hydraulic  resistance  of  intakes  aust  fce  aininua.  For  this 
reason,  and  also  to  avoid  the  blowing  of  sound-absorbings  naterial 
the  air  speed  in  the  zone  of  soundproofing  aust  not  exceed  15-20  a/s. 
The  total  resistance  of  air-inlet  systea  aust  not  exceed  60-80  aa 
HjO.  When,  in  the  experiaental  location,  evacuation/rarefaction  is 
present,  aore  indicated  tested  engine  not  in  state  will  davelop  total 
Fower,  as  they  speak,  will  occur  the  deficit  of  the  power  of  engine, 
which  disturbs  the  limit  of  the  required  accuracy  of  aeasu reaents. 
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Por  a reduction/descent  in  the  hydraulic  resistance,  one  should 
to  gear  dovn  air  flow,  to  inprove  the  conditions  of  entry  and 
output/yield  of  this,  to  apply  special  fairings  in  soundproofings 
during  a change  in  the  flow  direction  provide  for  cascades  and  other 
neasures,  directed  for  inproving  the  outline/contour  of  input  device. 


Page  74. 


It  is  necessary  to  also  focus  special  attention  on  the  provision 
for  purity/finish  of  the  air,  which  goes  to  the  feeding  of  engines. 
Especially  this  concerns  the  gas  turbines  which  are  extreaely 
demanding  to  purity/finish.  The  presence  in  suction  air  of  dust, 
saall  construction  particles,  grains  of  slag,  carbon  and  solid 
particles,  which  are  located  in  suspension,  causes  nicks  on 
coapressor  rotor  blades  and  turbines,  distorts  their  airfoil/profile, 
in  consequence  of  which  is  decreased  by  their  efficiency,  the  service 
life  of  work  and  strength.  To  the  saae  degree  the  obstructibility  of 
air  detriaentally  affects  the  work  also  of  piston  internal  coabustion 
engines.  Therefore  the  regular  arrangeaent  of  experimental  station 
and  air-intake  shaft/aines  gains  importance.  As  far  as  possible  then 
it  is  necessary  to  remove  froa  shops  and  the  productions,  which 
contaainate  the  air,  such  as  foundry  shops,  boiler,  the  storages  of 
carbon  and  other  similar  aaterials,  the  production  of  friable 
building  aaterials.  In  the  presence  of  the  strong  dust  content  of 
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surrounding  air  in  area  of  experimental  station  and  in  the  absence  of 
air  filter  of  engine  during  its  testing  the  bench  system  of  air 
supplu  must  have  filtration  of  air.  It  can  be  realized  by  the 
following  methods:  a dry  method  - with  the  aid  of  surface  or  porous 
filters;  by  wet  process  - the  means  of  oil  filters;  in  an  inertia 
manner  - with  the  aid  of  inertia  dust  arresters;  electrically  - by 
the  electrification  of  dust.  The  method  of  filtration  one  should 
select  depending  on  the  degree  of  obstruction,  composition  of 
particles  and  air  flow  rate.  As  one  Of  the  simplest  constructions  of 
dry  filter  can  serve  the  vertically  arranged/located  in  two  series 
zinc-coated  grid  with  cells  1.4  x 1.4  mm  and  0.65  mm  in  gauge.  The 
distance  between  grids  must  be  250-300  mm  and  furnish  them  should  the 
air-intake  silencers.  With  the  air  flow  rate,  it  is  more  than  20-30 
kg/s  to  more  expedient  apply  inertia  dust  arresters  and  electric 
filters.  With  smaller  expenditure/consumptions  simpler  will  be  the 
oil,  so-called  viscin  filters.  The  latter  consist  of  standard  cells 
500  x 50  mm  in  size/dimension  of,  filled  by  bushings  from  ceramics. 
The  thickness  of  filling  is  75-100  mm.  For  the  wetting  of  bushings, 
is  applied  slowly  drying  viscin  or  motor  oil.  The  periodic 
purification/cleaning  of  contaminated  filter  sections  is  produced  by 
their  dipping  into  bath  with  hot  soda  solution.  Design  load  on  one 
cell  is  accepted  within  limits  0.25-0.30  kg/s,  in  this  case  the 
resistance  of  this  filter  is  7-8  mm  H20. 


Page  75. 

As  far  as  possible  it  is  necessary  to  approach  that  so  that  the 
air-inlet  branch  connection  would  be  arrange/located  fron  windward, 
and  gas  escaping  fron  the  lee  side  relative  to  the  direction 
prevailing  winds.  Especially  this  is  related  to  the  powerful  testing 
units  which  have  air  flow  rate  several  kilograns  per  second  and  it  is 
above. 

Air-inlet  branch  connection  is  furnished  horizontally  or  is 


vertical.  In  the  latter  case  it  nust  be  eguipped  by  the  canopy,  which 
shields  air  duct  and  silencers  fron  precipitation  of  atnospheric 
residue/settlings.  To  avoid  the  incidence/inpingenent  into  the  systen 


of  dust  from  the  roof  of  building,  the  branch  connection  a ust  be 
reaoved  from  roofing  up  to  distance  not  less  than  1 a.  On  the  end  of 
the  air  duct,  is  establish/installed  also  the  rare  vire  gauze,  which 
prevents  from  the  incidence/iapingeaent  in  it  of  foreign  objects.  All 
the  connections  of  air  ducts  and  coming  out  gas  pipes  Bust  be 
heraetically  sealed,  but  their  sections,  that  pass  within  building, 
are  heat-insulated.  Besides  the  filtration  of  air,  the  structure  of 
the  working  surface  of  air-intake  channel  aust  be  stable  to 
efflorescence  and  not  allow/assuae  the  isolation/liberation  of 
construction  particles  and  dust.  For  strengthening  and  surface 
protection  of  the  structure  of  this  channel,  it  is  expedient  to 
produce  the  pasting  of  its  gauze  on  bakelite  varnish  with  the 
subsequent  coating  with  nitrocellulose  enamels. 

§5.  Gas-bleeding  systeas. 

The  systeas  of  gas  bleeder  serve  for  the  removal  of  waste  gases, 
they  can  be  accepted  along  the  system  of  the  open  or  closed  gassing. 
The  system  of  open  gas  outlet  consists  in  the  fact  that  the 
gas-bleeding  collector/receptacle  of  engine  or  its  nozzle  does  not 
have  direct  connection  to  gas  exhaust  channel  or  conduit/a anif old.  In 
this  case  waste  gases  on  certain  saall  section  occur/flow/ last  over 
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air  Kithont  conduit/aanifold.  In  this  case,  the  air,  ehich  serronnds 
the  co Bing  out  gas  jet  in  this  area,  is  carried  along  by  it  and 

together  with  jet  it  heads  for  the  receiving  branch  connection  of  the 
gas- bleeding  system. 

The  system  of  closed  gas  bleeder  does  not  have  the  indicated 
breakage  of  conduit/manifolds,  but  therefore  in  it  there  is  no 
ejection  of  surrounding  air. 

The  selection  of  one  or  the  other  system  of  the  distance/remo val 
of  waste  gases  depends  on  requirements  and  conditions  of  the  work  of 
installations. 

Closed  gas  bleeder  is  applied: 

1)  with  the  arrangement  of  bench  installations  in 
common/general/total  hall,  since  the  closed  gas  bleeder  considerably 
decreases  noise  level  indoors  of  experimental  stations; 

2)  if  noise  level  during  engine  testing  is  relatively  small  and 
in  the  gas-bleeding  system  are  not  required  to  establish/install  the 
sound-deadening  devices  with  temperature  limitations; 

3)  when  according  to  test  conditions  it  is  not  required  to 
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observe  of  the  yield  of  waste  gases  for  determining  their  smokiness, 
color  of  flame,  uniformity  and  combustion  stability. 

Page  76. 

The  open  gas  bleeder  makes  it  possible: 

1 

a)  induced  air  for  its  miring  with  waste  gases  for  the  purpose 
their  temperature  decrease.  This  is  necessary  during  the  equipment  of 
the  gas-bleeding  system  by  the  sound-deadening  devices; 

b)  to  observe  of  the  coming  out  jet  of  waste  gases. 

The  common/general/total  gas-bleeding  systems,  which  operate 
several  testing  units  both  of  closed  and  open  gas  bleeder,  must  be 
equipped  with  the  special  smoke  sucking  or  suction  ejector  devices. 

To  avoid  the  overflowing  of  waste  gases  through  air-intakes  opening 
of  adjacent  installations  in  the  gas-bleeding  system,  it  is  necessary 
to  create  evacuation/rarefaction. 

If  the  hydraulic  resistance  of  the  individual  systems  of  the 


open  or  closed  gas  bleeder  does  not  exceed  the  permissible  value, 
they  can  not  have  forced  drawing. 
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For  piston  engines  without  the  perceptible  error,  within  the 
liaits  of  the  required  accuracy  of  the  aeasureaent  of  power,  the 
coaaon/general/total  hydraulic  resistance  is  admissible  to  300-400  am 
H20.  For  gas  turbines  this  resistance  depending  on  the  value  of  the 
total  pressure  in  the  section/shear  of  the  gas-bleeding  nozzle  can  be 
the  aore  than  indicated  value.  In  this  case,  one  should  have  fora 
that  for  both  types  of  engines  in  all  cases  the  total  pressure  of 
waste  gases  in  the  section/shear  of  outlet  aust  exceed  the  hydraulic 
resistance  of  entire  channel  of  the  gas-bleeding  systea. 

Section/cuts,  dimensions  and  the  hydraulic  resistance  of  these 
channels  are  designed  from  the  flow  rate  of  waste  gases  or  their 
aixture  with  inducing  air  or  with  the  pairs  of  cooling  water. 


The  weight  flow  rate  of  waste  gases  will  correspond  to  the  flow 
rate  of  the  air,  necessary  for  the  complete  combustion  of 
fuel/propellant,  determined  from  foraulae  (14)  or  (16)  with  the 
addition  to  it  of  weight  of  flow  of  the  combustible  in  engine 
fuel/propellant.  For  the  installations,  working  with  closed  gas  line, 
this  flew  rate  will  compose 


Go fnp.,„  — + Gmo„  kg/s 


where  Gomp,lal  is  a flow  rate  of  waste  gases  one  by  unit  in  kg/s; 
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C..,,,,  - the  air  flow  rate  for  the  feeding  of  engine  in  kg/s; 


Gmon  - a fuel  consuaption  by  engine  in  kg/s. 


The  flow  rate  of  waste  gases  at  the  units,  working  with  the 
addition  of  the  ejected  air,  will  be  determined: 


G'  =G  . + G the  kg/s  (18) 

omp.taa  eosn.noA  ’ mon 

where  Gam,,.laJ  is  a flow  rate  of  waste  gases  one  by  unit  with  the 
ejection  of  air  in  kg/s; 

G „ - complete  air  flow  rate  for  the  feeding  of  engine  and 

aowno.t  * 

for  ejection  for  one  unit  in  kg/s; 

G - a fuel  consumption  by  engine  in  kg/s. 

mnnA 

Page  77. 

A gain  in  weight  of  waste  gases  because  of  the  products  of  fuel 
combustion  against  the  weight  flow  rate  of  air,  consumed  by  engine, 
in  formula  (17)  is  virtually  6-6.5o/o  fpr  piston  and  1.7-2.0o/o  for 
gas  turbines.  Por  determining  the  section/cuts  of  the  air- inlet  and 
gas-bleeding  channel,  it  is  necessary  tc  know  the  volumetric  flow 
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rate  of  air  and  of  waste  gases  or  their  Mixture  with  air  which  is 
deterained  froa  the  foraula 


Q = G/r  a3/s.  (19) 

where  Q is  a voluaetric  flow  rate  of  air,  of  waste  gases  or  their 
Mixture  in  a3/s;  3 is  the  weight  flow  rate  of  the  saae  gas  in  kg/s;  y 
is  the  specific  weight  of  gas  in  kg/a3. 

The  specific  weight  of  gas  is  deterained  froa  the 
relationship/ratio 

T » P/RT  kg/s,  (20) 


where  P is  pressure  in  kg/a*;  B is  a gas  constant  in  kga/kg°C;  T is 
absolute  teaperature  in  °K. 

j 


For  the  calculation  of  air-inlet  and  the  gas-bleeding  systeas 
with  sufficient  accuracy/precision  for  air,  waste  gases  or  their 
Mixture  with  air  it  is  possible  to  accept;  P = 10  330  kg/a*,  R = of 

Mr" 

29.3  kga/£ut^°C.  So,  the  specific  weight  of  standard  air  (at 
teaperature  of  15°C)  will  coaprise 


10330 

29.3(273  + 15) 


1.22  6 kg/a3- 
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The  necessary  sect ion/cut  of  channel  will  be  deternined  fron  the 


expression 


F = ^~  m\ 

W 


(21) 


where  F is  effective  area  of  channel  in  a*;  Q is  a volumetric  flow 
rate  of  gas  in  a3/s;  w is  the  average  speed  of  the  flow  of  gas  in 
a/s. 


Tor  providing  the  reliable  and  continuous  operation  of  the 
constructions  of  the  gas-bleeding  systea  and  sound-deadening  devices, 
waste  gases  are  subject  to  cooling. 

Page  78. 

In  practice  widest  use  received  the  following  aethods  of 
cooling; 

1)  by  air,  by  means  of  ejection  by  its  coning  out  jet  of  waste 
gases  or  during  the  supplying  its  into  the  gas-tleeding  systea  fron 
the  air  injector,  pneuaatic  fron  conpressor  or  fron  air  extractor; 


2)  by  means  of  water  injection  into  the  gas-bleeding  channel; 
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3)  with  the  aid  of  the  unit  of  heat  exchangee; 


4)  by  the  combined  method,  by  means  of  the  coincidence  of  the 
preceding/ previous  methods. 

The  simplest  and  widespread  method  of  cooling  outgoing  waste 
gases  is  the  first  and  partially  second  methods.  For  the  individual 
gas-bleeding  systems  most  frequently,  especially  for  gas  turbines,  is 
sued  the  ejection  of  air  because  of  the  use  of  kinetic  energy  of  the 
most  coming  out  gas  jet.  For  the  testing  units,  which  have  the 
common/general/tot al  gas-bleeding  systems,  this  method  cannot  be 
recommended  as  a result  of  the  possibility  of  the  overflowing  of  the 
mixture  of  waste  gases  through  the  gas-collecting  branch  connections 
of  adjacent  installations.  In  this  case  are  necessary  to  additionally 
establish/install  special  exhaust  fans  or  the  auxiliary  ejectors,  the 
pneumatic  for  maintaining  certain  evacuation/rarefaction  in  the 
system  of  gas  bleeder  and  overcomings  of  its  hydraulic  resistance. 

The  procedure  of  calculation  of  ejectors  is  given  in  [9].  Using  the 
given  below  approximate  data,  sometimes  the  ejector  is  selected  and  ■ 

manufacture  experimentally.  Fig.  24,  gives  the  diagram  of  the  ejector 
of  the  gas-bleeding  system  of  testing  unit  with  the  ejection  of  air 
by  the  outgoing  jet  of  waste  gases.  Behind  nozzle  1 waste  gases  head 
for  ejection  pipe  2,  which  has  diffuser  4,  and  further  for  the 
gas-bleeding  tube  or  muffler  5.  A quantity  of  air,  ejectel  by  the  jet 


msgmjm 
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of  waste  gases,  will  depend  on  the  relationship/ratio  of  diaaeters 
d2/d,  and  of  distance  l,  between  the  nozzle  and  ejection  pipe.  The 
greater  this  relationship/ratio  and  the  distance,  the  greater  the 
flow  rate  of  ejected  air. 

For  providing  the  distance/renoval  of  waste  gases  and  correct 
work  of  ejector,  aust  be  observed  following  conditions:  the  diaaeter 
of  ejector  d2  — • 1.05  dt  + 0,4/i;  the  length  of  ejector  d2, 

the  length  of  diffuser  U > 2.5-3  d2-  the  length  of  receiving  socket  l2 
~~  0.05  d2 ; the  convergence  angle  of  receiving  socket  30°;  the 
divergence  angle  of  diffuser  4-5°  (for  each  side  froa  the  axle/axis 
of  diffuser)  . 
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Fig.  24.  Diagram  of  ejector  for  exhaust  gases:  1 - exhaust  nozzle;  2 
- ejection  pipe;  3 - tip  bearing;  4 - diffuser;  5 - vertical  auffler. 

The  gas- bleeding  conduit/manifolds,  in  which  can  occur 
the  accumulation  of  unburned  fuel/propellant  or  its  vapors  (for 
example,  during  the  cancelled  starting/launching)  , nust  be  eguipped 
with  drainage  and  blowoff  devices  for  the  prevention/warning  in  them 
of  possible  explosion.  Air  gas  pipes  must  have  minimum  hydraulic 
resistance,  and  therefore  in  them  are  not  allow/assumed  sharp 
rotations  and  transfer/transitions.  The  bent  or  welded  elbows  as  far 
as  possible  must  approach  a circumference  with  a radius  to  the 
axle/axis  of  tube  r>3£),  where  D,  the  diameter  of  pipeline.  The 
design  of  the  sound-deadening  devices  of  systems  and,  gas  bleeders 
are  given  in  chapter  VIII. 


§6.  Cooling  waste  gases  by  water  injection 
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A reduction/descent  in  the  teaperature  of  waste  gases  in  the 
gas-bleeding  system  by  aeans  of  water  injection  is  the  aost  effective 
method.  It  gives  noticeable  noise  reduction  at  the  yield  of  gases 
because  of  a considerable  decrease  in  their  voluae  during  cooling  and 
a corresponding  decrease  in  the  velocity. 

A reduction/descent  in  the  teaperature  of  waste  gases  by  aeans 
of  water  injection  can  be  reached  with  the  observance  of  following 
conditions.  It  is  first  of  all  necessary  to  ensure  the  fine/thin 
atoaization  of  water,  for  which  it  one  should  supply  to  injectors 
under  pressure  not  less  than  6-8  kg/cm2.  For  the  best  heat  transfer 
from  the  coming  out  gases  to  water,  its  heating  and  evaporation,  is 
necessary  the  determined  contact  between  them.  This  contact  is 
determined  by  the  necessary  tine  of  the  interaction  of  the  speed  of 
its  flow  and  by  the  length  of  the  section  of  the  gas-bleeding 
channel.  The  overall  length  of  channel  will  depend  on  the  initial  and 
final  teaperature  of  gases. 

In  connection  with  waste  gases  of  the  engines  in  question 
temperature  balance  along  the  flow  of  bulk  of  gases  begins  not 
earlier  than  the  passageway  fron  8 to  12  a of  the  length  of  the 
section  of  gas  line  of  the  site  of  installation  of  the  injectors. 


a 
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which  inject  cooling  water. 


The  consumption  of  water  under  the  condition  of  its  complete 
evaporation  and  superheating  pair  will  be  determined  from  the 
equation  of  the  balance  of  the  heat 

V,  ('*  - g = C.c  [«;  - 0 4-  539  4.  c„  {tK  - 01 , 

whence 

c.  * — ; — 7-  hg/s-  (22) 

C [('*-'«)+  539  + fB(/«-01 

where  G„  is  expenditure/consumption  of  water  in  kg/s;  (7,  is  a gas 
flow  in  kg/s;  c,  is  heat  capacity  of  gas  0.24  kcal/kg«deg;  tH  is 
initial  temperature  of  gas  in  °C;  tK  is  the  final  temperature  of  gas 
and  the  steam  in  °C;  c — 1 - the  heat  capacity  of  water  in 
kcal/kg*  °C;  / 'H  - the  initial  temperature  of  water,  is  egual  to  15°C; 

t'K~ the  final  temperature  of  water,  is  equal  to  100°C;  539  - latent 
heat  of  vaporization  in  kcal/kg;  cn  - heat  capacity  is  the  pair, 
equal  to  0.5  kcal/kg*deg. 

Page  80. 

The  water,  which  goes  flash  for  cooling  of  waste  gases,  changes 
their  weight  and  volumetric  composition. 


| 
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furthermore,  with  the  combustion  of  f uel/propeilant  they  are 
formed  the  steam  which  also  affects  the  volumetric  composition  of  the 
mixture  of  waste  gases  and  the  steam.  All  these  changes  one  should 
consider  during  the  determination  of  required  dimensions  and 
section/cuts  of  the  gas-bleeding  channel. 

For  determining  the  specific  weight  of  mixture  y from  formula 
(20)  and  the  volumetric  flow  rate  of  mixture  from  formula  (19)  we 

find  common/genera  i/total  gas  constant 

A quantity  of  the  steam,  obtained  with  the  combustion  of 
fuel/propellant,  taking  into  account  an  average  quantity  of  vapors, 
which  are  found  in  air,  will  comprise 

G = 1,6 kg/s.  (23) 

n 3600 

where  G„  is  a quantity  of  the  steam  in  kg/s;  1.6  coefficient,  which 
considers  a quantity  of  forming  steam  with  combustion  1 kg  of 
fuel/propellant,  on  the  basis  of  the  weight  content  of  hydrogen, 
which  is  located  into  the  fuel/propellants  also  of  the  connected  to 
it  atmospheric  oxygen,  and  also  taking  into  account  an  average 
guantity  of  water  vapors,  which  are  found  in  standard  air;  Gr  is  a 
fuel  consumption  in  kg/h. 


DOC  = 772  33306  PAGE  >3^ 

/V 

The  total  weight  of  the  steam  will  comprise 

G'  = Ga  + Gnkg/s.  (24) 

where  GJ  is  the  total  weight  of  the  stean  in  kg/s;  G,  is 
expenditure/consuaption  of  water  for  injection  in  kg/s;  G„  is  a 
quantity  of  the  steam,  obtained  with  the  cosbustion  of 
fuel/propellant,  taking  into  account  the  steam,  which  are  found  in 
air,  in  kg/s. 

The  weight  of  dry  gas  we  will  obtain  by  the  subtraction  of  the 
weight  of  the  stea a from  common/general/total  weight  of  gas: 

G'  — G — G kg/s,  (25) 

where  G'  is  weight  of  dry  gas  in  kg/s;  G,ux.,a3  - the 
expenditure/consuaption  of  waste  gases,  determined  by  formula  (17)  or 
by  formula  (18),  in  kg/s;  Gl  is  the  total  weight  of  the  stean, 
determined  by  formula  (24) , in  kg/s. 

The  total  weight  of  mixture  GCM  we  will  obtain  by  the  summation 
of  the  weight  of  dry  gas  G'r  and  of  the  weight  of  the  steam  G',  those 
who  were  determined  from  formulas  (25)  and  (24), 
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gcm=g:+g:  ^/s.  (26) 

Page  81. 

The  gas  constant  of  mixture  Rn will  be  determined  from  the 
expression 

o'  g’ 

*06u,  = 47,1  -s-  + 29,3  -2-  kgm/kgfm,  (27) 

^CM  V CM 

where  47.1  and  29.3  are  gas  constants  respectively  for  the  steam  and 
exhaust  gases. 

The  obtained  value  gas  constant  mixture  Ro6lM  one  should 
substitute  into  formula  (20)  for  determining  the  specific  weight  of 
mixture  and  subsequent  volumetric  flow  rate  of  mixture. 

For  water  injection,  are  applied  angular  or  tangential 
injectors,  arrange/located  on  water-conducting  collector/receptacle 
in  the  initial  section  of  ejection  pipe  or  gas  pipe. 

With  the  diameter  of  injector  6 mm,  the  consumption  of  water  is 
0.3  kg/s.  To  avoid  falling  of  water  into  box  or  in  the  location  of 
the  testing  units  of  injector  one  should  establish/install  at  certain 
angle  to  the  flow  of  gases,  which  coincides  with  the  direction  of 
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During  experimental  studies  and  taking  of  standard 
characteristics,  sometimes  it  is  required  to  determine  the 
expenditure/consum ption  of  the  air,  which  enters  the  engine.  This 
need  appears  also  during  testing  of  superchargers  and  compressors 
both  piston  engines  and  the  gas  turbines. 

In  these  cases  the  testing  units  are  eguipped  with  the  device, 
which  makes  it  possible  to  produce  the  measurement  of  the  air  flow 
rate. 


From  the  most  widely  used  methods  such  measurements  can  be 
produced  with  the  aid  of  throttle  instruments  or  the  pneumatic  tubes. 
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adjustable  in  intake  air  ducts.  Soaetiaes  the  aeasureaent  of  the  air 
flow  rate  can  be  produced  after  waste  gases  with  the  aid  of  the 
special  rack,  adjustable  in  the  section/shear  of  gas  exhaust  nozzle 
or  branch  connection. 

The  aeasureaent  of  the  air  flow  rate  is  produced  on  the  speed 
which  is  deterained  by  pressure  difference  before  and  after  throttle 
instruaent.  This  pressure  difference  is  aeasured  by  differential 
aanoaeter,  and  further  analytically  is  calculated 
expenditure/consua ption  according  to  the  procedure,  given  in  [10J. 

With  all  aethods  of  aeasureaents  for  deteraining  air  density 
siaultaneo usly  with  pressure  is  produced  the  aeasureaent  of  its 
teaperature. 

Page  82. 

Teaperature  of  air  at  the  inlet  into  engine  it  should  be 
aeasured  with  low- inertia  resistance  theraoaeters  in  asseably  with 
aultiposition  aeasuring  bridge  and  galvanoaeter. 

The  teaperature  of  air  and  gas  through  the  channel  of  engine  and 
in  section/shear  is  aeasured  by  chroael-drop  and  chroael-a luael 
theraocouples  with  readings  according  to  galvanoaeter. 
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2.  Determination  of  hydraulic  resistance. 


The  feed  systems  of  air  and  gas  bleeder,  and  also  the 
power-supply  system  of  testing  units  by  fuel/propellant,  oil  and 
water  frequently  require  the  determination  of  hydraulic  resistance 
for  testing  of  their  throughput  capacity,  selection  of  pumps,  pumps 
and  another  equipment  with  the  necessary  pressure  for  providing  the 
duct  of  liquids  and  gases. 

Especially  this  is  important  for  the  air-inlet  and  gas-bleeding 
systems,  since  in  them  in  the  majority  of  cases  are  determined 
limitations  on  the  permissible  evacuation/rarefaction  and  the 
available  pressure. 

The  common/general/total  hydraulic  resistance  of  these  systems 
during  the  flow  on  them  of  gases  and  liquids  is  composed  of  two  parts 


Ap  = ApTp  + ApM  kg/m** 


(28) 


where  Ap  is  the  common/general/total  hydraulic  resistance  of  the 


\ 


L 
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outline/contour  of  systea  (channel  or  conduit/aanif old)  in  kg/a2; 

A pTp  — frictional  resistance  over  entire  length  of  outline/contoar 
depending  on  flow  conditions  (Reynolds  nuaber  Re)  and  of  surface 
condition  of  friction  or  degree  of  roughness  in  kg/a2;  A pM  - the 
local  resistance,  caused  by  local  vortex  foraations  and  the 
redistribution  of  the  speeds  in  the  shaped  pieces  of  the 


conduit/aanifold,  fittings  and  other  barrier/obstacles,  depends  on 


their  geoaetric  foras  and  size/diaensions  in  kg/a2. 


Frictional  resistance  is  deterained  froa  the  foraula 


A 


(29) 


where  X is  a coefficient  of  friction  drag  of  the  unit  of  the  length 
of  conduit/aanifold  (channel);  / - the  overall  length  of 

conduit/aanifold,  including  the  length  of  its  shaped  pieces,  in  a;  d 
- the  diaaeters  of  conduit/aanifold  in  a;  w - average  rate  of  flow 
(gas  or  liquids)  in  a/s;  g = 9.81  a/s2  - the  acceleration  of  gravity 
X is  the  specific  gravity/weight  of  gas  or  liguid  in  kg/a3. 


The  coefficient  of  friction  X - depends  on  flow  conditions 
(Reynolds  nuaber  Re)  , and  it  one  should  deteraine  according  to 
handbooks,  see  [5]. 
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Loss  of  pressure  in  local  resistance  is  deter ained  froa  the 
forsula 


, . w*  . , »* 

Ap.^C,— T+C,  — T + 


4-  C„ 


..  hr. 


Vf"' 


(30) 


where  £t,  $2,  ...»  Cn  - coefficients  cf  local  resistance  in  the 
separate  shaped  pieces  of  the  conduit/san ifold,  fittings  and  other 
barrier/obstacles  and  devices,  arrange/located  over  entire  length  of 
systea. 

During  the  determination  of  coaaon/gener al/total  hydraulic 
resistance  froa  the  outline/contours  of  the  systeas  of  fuel,  oil, 
that  cools  one  should  consider  losses  or  pressure  excess  froa  liquid 
coluan  in  conduit/aanifolds  and  the  capacitance/capacities,  which 
fora  part  of  systea,  but  arrange/located  below  cr  higher  than  testing 
unit. 


In  the  indicated  calculations  for  all  systeas,  one  should 
disregard  the  elasticity  of  vapors  of  liquids,  since  their  content  is 
virtually  insignificant. 
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J^age  84j  Chapter  VI 


SAPETY  CONTROL  AND  INDUSTRIAL  SANITATION  AT  EXPERIMENTAL  STATIONS. 


§1.  Safety  engineering  and  industrial  sanitation. 


1.  General  considerations. 


The  questions  safety  and  industrial  of  sanitation  technique 
include  entire  complex  of  the  equipment  of  devices  and  organizational 
and  technical  measures,  which  eliminate  traumatism  and  occupational 
diseases  and  which  ensure  the  normally  permissible  sanitary  working 
conditions,  harmless  for  the  health  of  workers  in  this  production. 

General  considerations  with  respect  to  the  provision  safety  and 
industrial  of  sanitation  technique  are  establish/installed  and  are 
regulated  by  the  union  inspections  of  Gosgortekhnadzor  and  by  state 
sanitary  inspection.  For  each  production  taking  into  account  its 
specific  special  feature/peculiarities,  these  organizations  can 
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establish/install  in  places  additional  reguireaents  and  conditions  in 
the  for*  of  orders,  resolutions,  commands  and  instructions,  directed 
toward  survival  and  health  of  workers  and  enployed.  Control  of  the 
execution  of  these  solutions  is  laid  on  the  representatives  of  the 
indicated  organizations,  and  also  on  the  technical  inspector  of  the 
council  of  trade  unions  and  on  inspector  on  the  industrial  safety 
■easures  of  plant  trade  union  committee.  The  adainistrative-technical 
personnel  of  enterprises  is  due  daily  to  keep  track  of  the  state 
safety  and  industrial  of  sanitation  technique  on  its  sections  and  to 
take  all  measures  to  a further  improvement  in  the  working  conditions. 


Persons,  guilty  of  nonobservance  and  disturbance/breakdown  of 
the  established/installed  positions  and  instructions,  by  inspections 
indicated  above  are  drawn  on  responsibility  according  to  the 
effective  legislation. 


For  experiaental  stations  and  laboratories,  general 
considerations  on  safety  and  industrial  sanitation  technique  are 
reduced  to  following  basic  reguireaents. 


Page  85. 


2.  Reguireaents  with  respect  to  device  and  equipment  of  experiaental 


L 
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stations. 


For  the  purpose  of  the  safety  control  of  the  service  personnel 
on  tests  and  the  safety  of  engines,  it  is  necessary  in  testing  units 
to  provide  the  blocking  of  starting/launching  systea  with  the 
propellant  feed  systeas  and  air  and  the  coverage  of  gates  and  doors 
of  bench  cabin/coa part aents. 

Device,  ventilation  and  the  illuaination  of  production 
locations,  coaposition  and  the  size/dimensions  of  everyday  and  office 
locations  are  regulated  by  noras  N 101-54. 

A quantity  of  haraful  isolation/liberations,  which  are  contained 
in  air  of  working  locations,  is  liaited  to  their  aaxiaua  peraissible 
concentrations,  given  in  appendix  1. 

The  aaxiaua  peraissible  noise  level  in  production  locations  and 
outside  then  is  establish/installed  according  to  tiae/teaporar y 
sanitary  noras  (see  appendix  2)  . 

In  the  case  of  possible  at  testing  units  fires,  explosions, 
breakaway  of  the  rotating  parts  and  other  eaergencies,  which  threaten 
safety  the  service  personnel,  bench  units  aust  be  arrange/located  in 
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the  isolated/insulated  boxes.  In  this  case,  the  personnel,  which 
generates  testing,  must  be  located  in  the  isolated/insulated  from  box 
location  (cabin/co apartment  of  control),  of  wall,  observation  window 
and  door  of  which  with  emergencies  mast  ensure  fullest  safety. 

At  the  test  benches  and  the  laboratory  units  where  the  safety 
the  service  personnel  can  threaten  the  breaks  of  rotating  parts 
either  the  tightening  of  their  clothing  in  the  rotating  parts  of 
mechanisms,  or  into  the  jet  of  stack  gases  or  into  the  air -inlet 
branch  connections  of  engines,  compulsorily  must  be 
establish/installed  shielding  enclosure/protections  in  the  form  of 
grids,  handles,  etc. 

Bench  staircases  with  walking  on  them  more  than  one  times  into 
replacement  must  have  slope  angle  not  more  than  45°.  The  working 
surface  of  area/sites,  ladders,  bridges  and  step/stages  of  staircases 
for  the  purpose  of  the  exception/eliminat ion  of  the  slip  of  struts, 
especially  with  spilled  oil,  they  must  be  covered  with  corrugated 
iron  or  to  be  manufactured  in  the  form  of  grates  from  the  steel 
plates,  up-edge  or  by  means  of  the  burn-in  of  the  welded  joints. 

Is  not  allow/assumed  the  device  of  hoisting  or  blinds  gates  for 
the  apertures  through  which  during  tests  can  pass  the  people. 
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The  bench  etcetera  equipaent  of  the  testing  units  in  which  is 
establish/installed  the  electrical  equipaent  or  are  installed 
electric  systems,  they  are  subject  to  grounding.  Hovable  illuminating 
tubes  nust  work  under  voltage/stress  not  aore  than  36  V. 

Vessels  and  eguipaent,  workers  under  pressure  are  aore  than  0.7 
ata(gage),  with  the  value  of  the  product  of  their  volune  in  liters  by 
pressure  in  ata  (gage)  , it  is  aore  than  200t  unity,  nust  be 
aanufactured,  be  installed  and  operate  with  the  observance  of  norns 
and  rules  of  Gosgortekhnadzor  (see  the  Mrules  of  device  and  safe 
operation  of  the  vessels,  working  under  pressure",  affirned  by 
Gosgortekhnadzor  of  the  USSR  17/XII  1956). 

Page  86. 

Device  and  the  operation  of  cargo  aechanisas  nust  be 
realize/accoaplished  in  accordance  with  the  "rules  of  device  and  safe 
operation  of  cranes",  affiraed  by  Gosgortekhnadzor  of  the  OSSH  5/VII 
1957. 

3.  Safety  of  works  on  testing  units. 


r 


DOC  = 77233307 


Bringing  into  service  of  the  newly  equipped  or  reconstructed 
production  shops,  compartments,  laboratories  or  separate  testing 
units,  including  of  cargo  aechanisas,  vessels,  working  under 
pressure,  and  other  siailar  to  thea  objects  aust  be  produced  only 
after  the  coapilation  of  the  acceptance  event/report  of  board  with 
necessary  collaboration  in  this  board  of  the  chief  of  bureau  of 
safety  engineering  of  enterprise  and  technical  inspector  of  the 
council  of  trade  unions. 

In  the  necessary  cases  or  of  the  reguireaent  for  the  chief  of 
bureau  of  safety  engineering  of  enterprise  is  compulsory  also  the 
collaboration  of  the  representatives  of  Gossaninspektsiya, 
Gospozhnadzor  and  Gosgortekhnadzor. 

The  conduct  of  supervision  after  the  safe  organization  of  works 
and  the  safe  state  of  the  equipment  of  production  locations  and 
devices,  the  coapilation  of  coanands  on  safety  engineering, 
conducting  instruction  with  the  newly  taken  workers,  the  provision 
for  workers  with  special  clothing,  special  boot  and  protective 
devices  is  laid  on  the  administrative-technical  personnel  of 
enterprise.  Works  with  leaded  gasoline  aust  be  produced  in  accordance 
with  "sanitary  regulations  on  storage,  transportation  and  the 
application/use  of  leaded  gasoline  in  aotor  transport"  after  No 
193-55,  affirmed  by  the  main  Gossainspektsiya  of  the  OSSR. 
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One  should  remember  that  leaded  gasoline  possesses  toxic 
properties  and  can  cause  heavy  poisonings  with  its 

incidence/iapi ngeaent  for  skin  covering,  with  its  ingestion  or  during 
the  inhalation  of  its  vapors.  The  preparation  of  leaded  gasoline, 
i.  e. , the  mixing  of  gasoline  with  ethyl  fluid,  must  be  produced  only 
in  the  specially  equipped  gasoline  nixing  stations  and  by 
authorization  of  local  Gossaninspektsiya.  The  experimental  stations 
and  the  laboratories  of  engines,  which  apply  leaded  gasoline,  must  be 
equipped  with  sanitation  points. 

During  the  use  of  the  mercury  pressure  gauges  1 of  work  with 
aercury,  they  must  be  organized  and  to  be  fulfilled  in  accordance 
with  "command  on  the  device  and  the  sanitary  content  of  locations  in 
works  with  aercury  in  laboratories",  affirmed  by  the  main 
Gossaninspektsiya  of  the  USSR  8/V  1941. 

FOOTNOTE  *.  For  the  purpose  of  the  prevention  of  poisonings,  the 
application/use  of  the  aercury  pressure  gauges  (piezometers)  follows 
as  far  as  possible  to  avoid,  completely  or  maximally  to  reduce. 
Piezometers  it  should  be  replaced  by  group  pressure  recording  gauges 
GRH-2,  manufactured  with  the  plant  "Tizpr ibor, " this  non-mercury 
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instrument  can  simultaneously  measure  and  record/write  pressures  or 
the  pressure  differential  simultaneously  at  20  points.  ENDFOOTNOTE. 


Page  87. 


In  the  mercury  pressure  gauges  the  glass  tubes  must  be  closed  by 
organic  glass,  in  the  lower  part  of  it  must  be  the  collection  for  the 
catching  of  mercury  during  the  possible  destruction  of  tubes,  and  at 
upper  jets,  must  be  valves  or  devices  for  the  catching  of  mercury 
with  ejection.  For  the  elimination  of  the  possibility  of  the 
output/yield  of  toxic  mercury  vapor  from  measuring  meter  into 
location  surface  of  mercury,  it  must  fill  with  shielding  liquid  or  at 
output/yield  from  instrument  must  be  placed  the  recovering  filters 
with  the  activated  carbon  and  active  manganese  dioxide. 


§2.  Fire-fighting  safety. 


1.  General  considerations. 


The  field  of  fire-fighting  safety  includes  entire  complex  of  the 


equipment  of  devices  and  measures,  which  eliminate  explosions  fires 
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in  experimental  stations  in  the  laboratories  of  engines  or 
gas-dynanic  during  their  operation.  According  to  the  character  of  the 
production  of  the  tests  of  theraopover  engines,  the  seats  of  fires 
can  occur;  however,  they  aust  be  abbreviated/reduced  to  the  ainiaua 
and  bear  local  character  with  the  provision  for  localization  and 
coaplete  liquidation  in  short  tine. 

Construction  and  the  operation  of  the  productions,  which  apply 
the  inflaamable  and  coabustible  substances,  are  regulated  by  the 
appropriate  noras  and  coaaands.  Besides  the  union  noras  of  state 
committee  in  the  matters  of  building  USSB.  "Fire-fighting  noras  and 
the  technical  specifications  of  the  design  of  the  storages  of  the 
inflammable  and  coabustible  substances  according  to  NiT(J  1 08-56"  and 
the  "rules  of  the  device  of  electrical  equipment"  of  the  ministries 
of  power  stations,  usually  are  departaental  rules  and  coaaands, 
comprised  in  connection  with  the  special  feature/peculiarities  of 
each  production  and  the  supplementing  indicated  positions.  Those 
guilty  of  nonobservance  and  violation  of  norms,  rules  and  commands  on 
device  and  operation  of  enterprises  as  a whole  and  of  its  separate 
shops  and  services  are  drawn  on  responsibility  according  to  the 
existing  legislation. 

In  connection  with  experimental  stations  and  laboratories,  the 
essence  of  these  norms  and  commands  is  reduced  to  following  basic 


2.  Fire-fighting  reguirements  with  respect  to  device  and  aquipment  of 
experimental  stations. 

Buildings  and  the  departments  of  experimental  shops  and 
laboratories  of  engines  or  gas-dynamic  laboratories  are  related  as  a 
whole  to  category  "G",  i.e. # to  flammable  constructions.  Separate 
services  and  locations  can  be  and  other  categories  depending  on  their 
designation/purpose. 

Page  88. 

In  appendix  3,  are  given  the  categories  fire-  and  the  explosiveness 
of  individual  sections  and  services  of  these  shops,  and  also  the 
classes  of  the  device  of  electrical  equipment. 

Power  electric  systems,  illumination  and  electrical  equipment 
must  be  installed  in  separate  locations  and  services  in  accordance 
with  the  "rules  of  the  device  of  electrical  equipment"  and  by  the 
classes  of  these  locations,  see  appendix  3. 
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During  the  construction  of  buildings  and  the  eguipaent  of 
experimental  stations  and  laboratories.  Bust  be  applied  flameproof 
materials.  The  sound-absorbing  constructions  on  gas  bleeders  also 
must  be  made  from  flameproof  materials.  In  flammable  locations  must 
be  provided  the  possibility  of  the  emergency  evacuation  of  working  in 
them  personnel.  In  such  locations,  by  area  it  is  more  than  200  m*, 
must  be  not  less  than  two  output/yields,  as  far  as  possible 
arrange/located  in  opposite  sides. 

Dangerously  explosive  locations  (category  A and  B)  must  be 
furnished  in  the  single-story  buildings,  above  then  is  not  permitted 
the  device  of  production,  auxiliary  and  other  services  with  remaining 
in  them  the  service  and  other  personnel.  In  these  rooms  must  be 
knock-out  surfaces  in  the  form  of  windows,  doors  and  light/lung 
partition/baffles,  but  therefore  one  should  furnish  them  at  external 
walls. 

fiithin  the  buildings  of  experimental  stations  and  laboratories 
and  above  these  buildings  is  not  permitted  device  of  the  fuel 
expenditure  and  other  capacitance/capacities  above  500  1. 

The  supply  of  testing  units  with  fuel/propellant  is  recommended 
to  realize /accomplish  by  the  centralized  way  - cn  conduit/ manifolds 
with  pump  feed  or  extrusion  by  the  compressed  air  from  the  storage  or 
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the  £uel  reservoir,  arrange/located  outside  building. 

The  section,  on  which  are  arrange/located  the  ground* based 
cisterns  of  fuel  reservoir,  on  fire-fighting  requirements  Bust  have 
the  earth  embankment,  which  eliainates  the  overflow  of 
fuel/propellant  on  territory.  The  rules  of  device,  necessary 
area/site,  the  breakage  between  the  storage  and  other  its 
constructions  from  general  lay-out  are  deterained  by  union 
fire-fighting  noras  and  the  technical  specifications  of  the  design  of 
the  storages  of  the  inflammable  and  coabustible  substances  according 
to  NiTU  108-56,  by  the  fire-fighting  noras  of  the  construction  design 
N 102-54  of  state  comaittee  for  the  aatters  of  building  with  the  CM 
USSR,  and  also  by  the  rules  of  the  device  of  electrical  eguipaent  POE 
['  - Rules  for  setting  up  electrical  installations]  of  the 

Ministry  of  power  stations. 

The  aain  conduits  of  the  centralized  fuel  supply  should  be  laid 
froa  the  outer  side  of  building.  The  sections  of  the  fuel  lines  to 
units  and  stands  within  building  aust  be  laid  in  the  separate 
channels  in  which  aust  not  be  located  the  heating  Bains,  electric 
cables  and  other  coaaunications.  These  channels  after  the 
installation  of  fuel  lines  aust  be  filled  by  dry  sand. 

The  centralized  fuel  lines  input  into  building  aust  be  equipped 
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with  shutoff  valves  with  free  access  to  thee  foe  their  coverage. 


Page  89. 

Bench  fuel  systees  in  the  case  of  the  possible  eaergence  of  fire 
eust  have  high  speed  energency  cranes  (of  type  "gate  valve"),  given 
into  action  from  the  panel  for  control. 


Of  all  bench  capacitance/capacities  of  the  fuel  systea: 
expenditure  snail  tanks,  instruments,  reinforcements  and 
conduit/manifolds  must  be  provided  for  the  emergency  self-flowing 
fuel  dumping  in  fuel  reservoir  or  the  various  capacitance/capacity, 
arrange/located  outside  building. 

In  the  case  of  possible  overflow  or  reverse/inverse  ejection  of 
fuel/propellant,  one  should  provide  for  drainage  system.  It  must 
consist  of  drain  ladder  for  the  collection  of  fuel/propellant, 
conduit/manifolds,  packed  with  gradient/drafts  for  providing  for  a 
self-flowing  drain,  and  the  special  drainage  capacitance/capacity, 
arrange/located  outside  building  and  that  which  was  sunk  into  the 
earth/ground.  This  capacitance /capacity  eust  have  a device  for  the 
periodic  evacuation  from  it  of  fuel/propellant  into  movable  tare. 


Experimental  stations,  the  laboratories  of  engines  and 
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gas-dynaaic  laboratories  are  equipped  by  the  Beans  of  fire 
extinguishaent,  a composition  and  quantity  of  which  is  deterained  in 
each  specific  case  depending  on  the  equipaent  of  station  and  special 
feature/peculiarities  of  the  technological  process  of  tests.  Besides 
conventional  means  of  fire  extinguishing  in  the  fora  of  the  fire 
hydrants  with  hose/pipes,  froth  and  dry  fire  extinguishers,  boxes 
with  dry  sand,  can  also  be  applied  the  stationary  or  aobile  units  of 
the  systems  of  gas  extinguishment  of  fires.  If  necessary  for  the 
quenching  of  the  ignited  on  workers  clothing  or  engine  itself,  and 
also  of  the  for  localization  local  seats  of  fire  it  must  be  provided 
for  are  felt. 


For  the  distance/removal  of  vapors  of  the  spilled  volatile  fuel, 
one  should  provide  the  forced  suction  and  exhaust  ventilation,  which 
elininates  the  formation  of  the  dangerously  explosive  concentrations 
of  the  mixtures  of  propellant  vapors  with  air.  To  avoid  extrusion 
additional  air  of  inflammable  propellant  vapors  into  adjacent 
locations  the  productivity  of  exhaust  ventilation,  as  a rule,  aust  be 
higher  than  supply  for  providing  certain  evacuation/rarefaction  in 
the  ventilation  location. 


Since  the  pairs  of  fuel/propellant  heavier  than  air,  they  are 
capable  of  flowing  in  and  being  store/accumulated  in  the  lower 
arranged/located  locations.  Therefore  one  should  not  in  experimental 
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stations  and  laboratories  arrange  baseaents,  passage  tunnels,  the 

► 

galleries  etc.,  of  construction.  If  necessary  for  the  device  of  the 

Ik 

saae  for  thea,  also  one  should  provide  for  the  forced  ventilation. 

I 

3.  Measures  of  fire-fighting  safety. 

Depending  on  the  type  of  fuel/propellant,  arrangement  and 
character  of  the  locations  of  electric  wire,  power  and  lighting 
electrical  equipment  they  are  fulfilled  through  agreement  with  the 
organ/controls  of  Gospozhnadzor  in  the  shielded,  closed  or 
explosion- proof  per for nance. 

Page  90. 

To  avoid  the  foraation  of  the  dangerous  in  fire  sensa  discharges 
of  the  static  electricity,  which  is  formed  with  course  along  pipes  of 
bright  oil-products,  all  fuel  lines  both  external  and  internal  are 
subject  to  reliable  grounding. 

All  sections  of  fuel  pipes  aust  be  aetallically  solidly 
connected,  have  a good  contact,  represent  single  electrical  circuit, 
the  metallic  contact  of  all  coaponent/links  of  fuel  pipes  is  reached 
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bj  threaded  connections  and  joints  of  each  pair  of  flanges  by 
aetallic  brackets.  The  latter  can  be  aade  of  the  steel  strip  by 
section/cut  not  less  than  35  ■ ■*,  on  the  ends  of  the  bracket,  they 
■ust  have  holes  for  their  unit  under  the  bolts  of  flange  joint.  For 
providing  the  reliable  electrical  contact,  the  surface  of  flanges, 
brackets  and  bolts  in  points  of  connection  thoroughly  is  cleaned  to 
■etallic  luster. 


The  electrode  of  grounding  aust  be  aetallic  with  anticorrosive 
surface  not  less  than  0.5  a*.  This  electrode  is  connected  with 
conduit/aani folds  by  conductor  not  less  than  6 ■■  in  diaaeter  with 
the  aid  of  welding  or  rations.  The  electrode  of  grounding  will  be 
sunk  into  the  earth/ground  to  daap/crude  soil,  but  it  is  not  less 
than  1 a of  its  surface. 


For  providing  for  fire-fighting  safety,  it  is  necessary: 


a)  to  produce  periodic  testing  and  the  preventive  inspections  of 
fuel  lines,  hoses,  reinforceaent,  instruments  and  equipment  of  fuel 
systems,  without  allow/assuaing  in  this  case  leak  and  the  inflows  of 


fuel/propellant  in  points  of  connections  and  in  eguipaent 
indicated  inspections  and  revisions  aust  be  brought  in  in 
book  of  installations  or  bench  journals; 


itself.  The 


the  log 
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b)  the  flushing  of  fuel  and  oil  filters  in  gasoline  or  kerosene 
produce  in  gasoline  purifying  or  in  the  separate  isolated/ insulated 
and  fitted  out  for  these  purposes  location; 

c)  with  the  possible  overflows  of  fuel/propellant  or  oils  the 

I 

latter  must  immediately  be  removed  with  the  aid  of  dry  wood  filings, 
after  which  the  used  filings  must  be  removed  from  building  into  safe 

i 

in  fire  sense  place  and  burned; 

d)  to  avoid  sparking  entire  harvesting  stock  (shovels,  scrapers 
, etc'.)  one  should  apply  from  the  nonferrous  metal,  which  eliminates 
sparking; 

e)  waste  and  fuels  to  store  in  closed  tare,  in  this  case  their 
reserve  must  not  exceed  interchangeable  necessity; 

f)  repair  work  on  units  with  the  application/use  of  the  free 
flame  (welding  and  other  works)  to  produce  little  more  than  after 
obtaining  of  the  corresponding  resolution  from  the  chief  of 
experimental  station  and  fire  supervision; 


g)  in  the  locations  of  the  possible  accumulation  of  propellant 
vapors  produce  the  periodic  testing  of  the  concentration  of  their 
content  in  air,  without  allow/assuning  the  formation  of  dangerously 
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explosive  mixtures; 


h)  in  each  replacement  from  the  workers  of  shop  to  have  fire 
component/li nks  (calculations)  with  precise  distribution  of 
responsibilities  and  actions  on  fight  with;  inflammation  or  fire  prior 
to  the  arrival  of  firefighting  team. 


§1.  composition  of  experimental  stations. 


Depending  on  the  conditions,  scale  and  the  character  of 
production,  experimental  stations  can  be  organized  in  the  fora  of 
individual  sections  either  department/separat ions,  which  form  part  of 
motor- assembling  shop,  or  on  the  rights  of  independent  shop.  This  is 
related  both  to  series  and  to  the  experimental  production  of  engines. 

Territorial  experimental  stations  depending  on  type  of  engine, 
its  power  and  type  of  testing  units  can  be  arrange/located  in  the 
territory  of  the  housing  of  motor- assembling  shop;  in  the  form  of 
annex  to  it  or  they  can  be  built  in  into  this  housing  or  in  separate, 
independent  housing. 


k 
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If  are  allowed  arrangement  conditions  of  testing  units,  about 
which  it  will  be  said  below,  one  should  approach  the  arrangement  of 
experimental  station  together  with  other  shops.  This  reduces  capital 
investments  on  construction  unit  and  communications,  it  decreases  the 
operational  maintenance  costs  of  buildings  and  the  transport 
expenditures. 

If  necessary  for  isolation/insulation  of  experimental  station 
from  other  shops,  the  safety  and  other  reasons  they  are  furnished  in 
the  separate,  isolated/insulated,  special  annex,  which  adjoins  the 
housing  of  motor-assembling  shop,  or  they  can  be  in  it  built  in. 

If  necessary  for  more  reliable  isolat  ion/insulation,  and  also, 
when  testing  units  require  the  construction  for  them  of  special 
locations  or  isolated/insulated  boxes,  experimental  stations  can  be 
placed  in  separate,  independent  buildings. 

The  selection  of  the  method  of  the  arrangement/permutation  of 
experimental  station  is  in  principle  important  question,  and  it  must 
be  solved  in  each  individual  case  taking  into  account 
concrete/specific/actual  factors. 

In  general  form,  in  the  composition  of  experimental  station  can 
enter  the  following  basic  depar tment/separations  of  service  and  the 
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sections: 

1.  Department /separation  of  training/preparation,  which  switches 
on  the  sections  of  the  apron  of  engines,  preparatory  installation  and 
their  disassembly  before  and  after  testing.. 

2.  Department/separation  or  sections  of  testing  units. 

Page  92. 

3.  Department/separation  or  group  of  elimination  of  flaw/defects 
in  engines,  discovered  during  testing. 

4.  Auxiliary  services  and  shop*  Are  this  involved  generator, 
shop  mechanics,  instrument,  the  ventilation,  storerooms  and  others. 

-O.Everyday  services  and  the  locations  of  operating  personnel. 

Sometimes  with  experimental  stations,  there  can  be  painter 
department/separat ion  and  expeditions. 

The  need  for  these  department/separations  of  experimental 
stations  is  determined  by  the  organization  of  production,  by 
technological  process  and  technical  specifications  for  testing  and 
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supply  of  engines  in  each  specific  case. 

Thus,  for  instance,  departaent/separ ation  of  sorting/partition 
is  nefcessary  only  in  such  a case,  when  according  to  technical 
specifications  is  required  the  sorting/partition  of  engine  after 
acceptance  tests.  In  this  case  the  departaent/separation  of 
sorting/partition  can  be  both  with  the  assenbly  compartment  or  the 
shop  and  with  experimental  station.  In  the  aajority  of  cases, 
last/latter  solution  will  be  aore  expedient,  since  in  this  case 
eqgine  after  sorting/partition  enters  the  monitoring  test,  which 
decreases  its  transportation. 

Coloration  more  frequently  is  produced  after  testing.  But  there 
can  be  another  order  when  the  coloration  of  separate  parts  is 
produced  to  the  assembly  of  engine.  In  this  case  painter  coapartaent 
with  experimental  station  is  absent,  while  in  expeditions  is  produced 
only  tint  in  the  fora  of  the  plotting  of  additional  fresh  thin  paint 
coat. 


The  organization  of  expedition  - the  coapartaent  of  conservation 
and  packing  of  engines  and  spare  parts  for  then  is  necessary  when 
plant  supplies  engines  to  side,  to  the  client,  territorial  removed 
from  factory.  Under  these  facts  expedition  it  is  expedient  to  furnish 
with  experimental  station,  in  one  with  it  housing. 
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Since  the  coapartnent:  painter,  sorting/partitions  and 
expeditions  are  related  along  their  technological  airfoil/profile  to 
the  field  of  assea bly- wiring  and  other  shops,  we  do  not  consider  it 
possible  to  dwell  during  these  coapartaent s. 


§2.  Arrangeaent  of  testing  units. 


Testing  units  can  be  furnished  in  coaaon/general/tota 1 location 
for  several  testing  units  with  partial  isolatioa/insulation  of  the 
service  personnel  or  installations  theaselves  or  in  boxes. 

In  the  latter  case  of  testing,  they  are  carried  out  in  the 
separate  isolated/insulated  locations  a the  service  personnel  it  is 
located  in  single  or  coaaon/general/total  for  several  devices  in 
console  rooas  or  the  cabin/con part neats  of  control. 

Page  93. 


The  arrangeaent  of  installations  in  the  first  two  cases  can  be 
allowed  under  the  conditions: 


J 


a)  the  safety  control  of  the  service  personnel  when  during  the 
test  work  of  engine  is  eliminated  the  possibility  of  the  emergence  of 
fire,  breakage  of  engine  or  breakaway  froa  it  of  the  separate 
rotating  parts  or  units; 


\ 


b)  when  the  noise  level  of  the  operation  during  testing  of 
braking  devices  and  auxiliary  nechanisns  of  stand  will  not  exceed  the 
aaxiaua  permissible  noise  levels,  given  in  appendix  2. 

Thus,  for  instance,  stands  of  the  tractor  and  similar  to  them 
engines  of  low  and  average  power,  which  have  silencers  or  the  system 
of  closed  gas  bleeder  and  not  releasing  in  work  of  noise  are  more 
than  it  is  shown  above,  usually  they  are  furnished  in 
common/general/total  hall.  An  example  of  this  arrangement  is  given  in 
Fig.  25  and  26. 

When  the  noise  level  in  the  rooms  of  experimental  station  with 
the  general  layout  of  the  test  benches  is  close  to  the  maximum 
permissible  level,  can  be  applied  isolation/insulation  of  the  service 
personnel  in  the  cabin/compart ments  of  control  or 
isolation/insulation  of  the  test  benches. 
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The  first  solution  is  expedient,  when  the  cycle  of  one  testing 
prolonged,  and  works  for  installation  and  disassembly  of  engine  on 
stand  and  regulating-setup  operations  occupy  relatively  short  tine. 
In  such  a situation  of  businesses  servicing  operating  personnel  is 
located  directly  about  unit  short-tern  a long  tine  during  engine 
testing  it  it  is  located  in  the  ca bin/con p art nent  of  control,  in  the 
isolated/insulated  from  roon  noise.  The  general-arrangenen t diagram 
of  this  solution  is  given  in  Fig.  27. 
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Fig.  25.  General  view  of  experimental  station  with  arrangement  of 
bench  installations  in  common/general/total  hall. 


Page  94. 
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The  second  version  consists  in  the  fact  that  the  testing  units 
from  common/general/total  hall  are  insulated  by  the  sound-absorbing 
panel-partition/baffles  in  the  form  of  separate  cabins,  in  this  case 
in  the  end  part  of  the  location  and  on  to  its  top  must  be  the 
apertures,  sufficient  for  the  supply  of  engines  in  room  and  their 
displaceme nt/movenent  inside  lifting-transporting  devices. 

So.storony,  to  the  opposite  supply  of  engines,  after  partition/baffle 
is  furnished  the  control  panel,  whence  is  conducted  observation  of 
the  testing  through  the  soundproofed  window,  arrange/located  within 
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wall.  In  this  case  operating  staff  will  be  located  under  conditions 
considerably  best,  than  with  open  devices  both  during  testing  and 
during  installation  and  disassembly  of  engine.  The  schematic  of  the 
indicated  layout  is  given  in  Fig.  28. 

[■  I 
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Pig.  26.  General  view  of  experimental  station  where  walls  and  overlap 
of  hall  are  coated  with  sound-absorbing  panels  (panels). 


Pig.  27.  Pattern  of  arrangeaent  of  experinental  devices  in 
coaaon/general/total  hall  with  fenced  off  cabin/conpartaents  of 
control:  a)  with  single-row  arrangeaent  of  installations;  b)  with 
double-row  arrangement  of  installations;  1 - test  stands;  2 - control 
panels;  3 - sound-proofing  coapartment  of  control. 
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In  the  case  of  the  impossibility  of  safety  control  to  the 
service  personnel  during  test  work  or  when  it  is  not  possible  to 
lower  noise  level  to  the  maximum  permissible  values,  testing  units 
Bust  be  furnished  in  the  isolated/insulated  locations,  called 
experimental  cabin/compartments  or  boxes.  In  this  case  the  service 
personnel  is  furnished  also  in  the  isolated/insulated  from  box 
location  - the  cab in/compart ments  of  control,  whence  is  produced 
control,  control  and  observation  of  tested  engine. 

The  cabin/coapartments  of  control  can  be  coamon/gener al/total 
for  several  boxes  or  individual  for  each  testing  unit.  The  different 
general-arrangement  diagrams  of  testing  units  are  given  in  Pig.  29. 
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Fig.  28.  Diagram  of  experimental  station  from  partial  noiseproofing 
1 - sound- absorbin g panels;  2 - test  benches;  3 - control  panels;  4 

door;  5 - overhead-travelling  crane. 
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Fig.  29.  Diagraas  of  boxes  with  different  arrangeaent  of 
cabin/conpartaents  of  control:  a)  side  single-stage 
cabin/coapartnents  of  control;  b)  side  two-story  cabin/coa part  sent s 
of  control.  Under  the  cabin/coapartaent  of  control  coapartaent  of 
technological  equipaent  and  operating  systeas;  c) the  end, 
single-stage  cabin/coapartaent  of  control;  d}  the  end  single-stage 
cabin/coapartment  of  control  with  the  longitudinal  arrangeaent  of 
boxes;  e)  the  end  two-story  general  cabin/coapartaent  of  control. 
Under  the  cabin/coapartaent  of  control  passage  into  box  and  the 
operating  systeas;  1 - box;  2 - cabia/coapartaeat  of  coatrol;  3 - 
passage. 
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In  boxes  coapulsorily  Bust  be  furnished  stands  of  gas  turbines 
and  powerful  piston  engines  where,  besides  high  noise  level,  eaitted 
during  testing,  can  occur  the  breakage  of  the  rctor  disk  of  turbine, 
the  breakaway  of  its  blades,  injectors  or  parts  of  the  crankgear  and 
ether  parts  of  engines.  To  the  indicated  piston  engines  one  should 
relate  such  engines  whose  power  exceeds  300-500  h.p.,  and  also  all 
engines  of  saaller  power,  but  workers  without  silencers,  with  the 
open  gas  bleeder. 


§3.  Calculations  of  a quantity  of  stands,  of  work  areas  and  states. 


1.  Labor  intensity. 


The  labor  consuaption  and  the  tine,  spent  on  the  test  work  and 
all  preparatory  works,  connected  with  their  conducting  at 
experiaental  station,  are  basic  and  aain  indices  for  deter aining  the 
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required  nuaber  of  stands,  of  work  areas  and  work  force.  These  data 
are  necessary  not  only  for  the  order  of  required  equipment, 
calculation  of  production,  auxiliary  and  official-everyday  areas,  but 
also  for  the  compilation  of  the  various  kinds  of  planned  economic 
calculations  and  indices. 

For  the  calculation  of  equipment  and  work  areas  the  labor 
consumption  usually  is  determined  in  machine-hours,  while  for  the 
calculation  of  work  force  in  man-hours. 

Labor  consumption  is  determined  as  a result  of  the  technical 
normalization  of  technological  process  from  each  form  of  tests  and 
other  auxiliary  activities,  either  by  other  methods:  on  the  basis  of 
the  actual  expenditures  of  time,  on  timekeeping,  or  by  expert 
evaluation,  the  method  of  comparison  of  works  with  the  available  data 
on  similar  works,  etc. 

Technical  normalization  is  usually  produced  by  the  laying  out  of 
entire  technological  process  for  the  separate  operations:  to 
transfer/transitions  and  other  cell/eleaents  of  works  which  are 
standardized . 


During  the  calculation  of  equipment,  of  work  areas  and  work 
force  according  to  the  effective  norms  to  them,  it  is  necessary  to 
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introduce  the  correction  factor,  which  considers  the  actual 
processing/treatnent  of  these  norms. 

Labor  consunption  in  machine-hours  expresses  the  average 
duration  of  the  determination  of  engine  on  stand  taking  into  account 
time  for  its  installation  and  disassembly,  the  production  of 
regulating-setup  works,  the  elimination  of  the  small  flaw/defects, 
produced  on  stand,  the  production  of  the  necessary  measurements 
during  performance  testing  and  calibration  and  the  basic  regime 
engine  operation.  Labor  consumption  in  man-hours  expresses  the 
average  expenditure  of  time  in  man-hours  for  conducting  only  of  one 
testing  or  the  production  of  other  works,  connected  with  the 
production  of  tests.  It  will  depend  on  strength  of  crew,  who  operates 
one  or  several  stands,  and  there  can  be  less  or  more  than  the  labor 
consumption,  expressed  in  machine-hours. 

Page  97. 

Thus,  for  instance,  during  crew,  who  consists  of  two  people,  and 
maintenance  it  one  stand  labor  consunption  in  man-hours  will  be  2 
tines  the  more  than  labor  consumption,  expressed  in  machine-hours.  If 
this  crew  services  three  stands,  then  labor  consumption  in  man-hours 
with  respect  will  compose  2/3  from  labor  consunption  in 
machine-hours,  etc. 
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2.  Calculation  of  a quantity  of  stands. 


The  necessary  quantity  of  stands  or  testinq  units  at 
experimental  station  is  determined  from  the  formula 

C-JLL,  (31) 

0 

where  C is  the  quantity  of  stands,  rounded  to  inteqer  to  larqe  side; 

fl  - the  annual  proqram  of  the  production  of  enqines,  adjustable 
by  planned  tarqet,  in  pieces; 

If 

T is  total  labor  consumption  of  all  tests,  which  are  necessary  on  the 
average  by  one  programmed  engine,  in  machine  hours; 

<f>  - the  useful  annual  fund  of  output  of  one  stand  in  machine 
hours. 


If  by  experinental  station  is  accepted  one  type  of  stand,  then 
from  formula  (31)  is  determined  the  total  required  quantity  of 
stands.  In  this  case  is  determined  the  totral  labor  consumption  of  all 
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types  of  tests,  including  prolonged,  taking  into  account  repeated 
tests  which  are  necessary  on  the  average  by  one  programed  engine. 
The  labor  consumption  of  selective,  commission  and  other  endurance 
tests  is  determined  by  the  division  of  the  total  annual  labor 
consumption  of  these  tests  for  annual  program  of  issue. 


The  useful  annual  fund  of  output  of  one  stand  is  the  calendar 
operating  time  of  stand  per  annum  minus  of  losses,  brought  by 
machine,  setup  works  and  periodic  calibration  of  the  measuring  system 
of  the  torsional  moment  and  other  devices  of  stand.  This  fund  is 
determined  from  the  formula 

<P  = B-K,  (32) 


where  d>  is  the  useful  annual  fund  of  output  of  one  stand  in 
machine- hours; 


B - the  time  of  the  calendar  stand  operation  during  one  year  on 
all  replacements  taking  into  account  the  reduced  workday  before 
output  and  holidays  in  hours; 


K - the  coefficient,  which  considers  losses  to  repair, 
adjustment  and  the  calibration  of  the  equipment  of  stand.  The  value 
of  this  coefficient  depending  on  a number  of  working  replacements  and 
type  of  installations  is  given  in  Table  4. 


, minn 
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If  necessary  of  determining  a guantity  of  work  areas  on  the 
sections  of  the  elimination  of  flaw/defects,  installation  and 
disassenbly  of  engines,  before  and  after  testing  and  other  works,  the 
calculation  of  work  areas  is  produced  by  foraula  (31).  since  the 
labor  consumption  to  these  works  usually  is  determined  in  man-hours, 
in  this  case  it  is  necessary  to  consider  the  number  of  workers, 
simultaneously  workers  for  this  work  area,  by  the  introduction  of  the 
corresponding  correction  during  the  deter ainaticn  of  the  useful  fund 
of  output.  So,  with  two  workers  on  one  work  area  of  this  fund  will  be 
2 tines  wore.  Furthermore,  for  all  nanual  work  areas  the  coefficient, 
which  considers  losses,  will  be  higher  than  at  testing  units,  and  it 
one  should  accept  within  linits  of  K = 0.  97-0.98  of  outside 
dependence  on  the  number  of  replacements. 


3.  Calculation  of  states. 


The  calculations  of  the  necessary 
completing  of  predetermined  program  of 


authorized  strength  for 
production  consist  in  the 


. . . - . 


DOC  = 77233308 


PAGE  0 


determination  of  production  and  auxiliary  working, 

technical- engineer ing  workers  (engineering  and  technical  personnel), 
computing  and  adninistrative-econonic  personnel  (RAC)  and  the 
low-order  service  personnel  (HOP). 

A required  quantity  of  production  workers  is  determined  by 
calculation.  Entire  remaining  personnel  is  accepted  according  to 
regular  schedule  or  according  to  standard  data  depending  on  the 
number  of  production  workers.  The  calculation  of  the  latter  is 
produced  by  formula  (31)  during  following  changes  in  the  separate 
values,  entering  this  formula: 

► 

labor  intensity  is  accepted  in  man-hours;  the  fund  of  output  of 
equipment  is  replaced  by  the  useful  fund  of  output  of  one  worker. 

y 

The  useful  fund  of  output  of  one  worker  is  determined  by  means 
of  the  multiplication  of  calendar  time  in  work  into  one  replacement 
for  year  for  the  coefficient,  which  considers  the  losses  of  operating 
time  as  a result  of  nonappearance  for  work  on  valid  reasons  and  time 
for  annual  leave. 
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Table  4.  Value  of  the  loss  factor  for  the  calculation  of  the  useful 
fund  of  the  tine  of  output  of  equipaent. 


Key:  (1).  Nuuber  of  working  replacements  of  experimental  station. 

(2).  Value  of  coefficient  of  K.  (3).  for  electric  brake 
installations.  (4)  . for  the  hydraulic-brake,  induction,  combined  and 
other  installations.  (5).  In  work  into  one  replacenent.  (6).  In  work 
into  two  replacements.  (7).  In  work  into  three  replacements  on  6 h, 
each.  (8).  In  work  into  four  replacements  on  6 h,  each,  or  into  three 
replacements  on  7 h. 


Page  99. 

These  planned  losses  they  are  from  7 to  llo/o  of  entire  calendar  tine 
depending  on  the  duration  of  tempering. 

On  the  average  for  experimental  stations  these  losses  can  be 
accepted  in  size/d inension  of  9o/o,  whence  the  loss  factor  in  this 
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case  will  compose  K - 0.91. 

Entire  regaining  personnel  of  experimental  station  usually  is 
deterained  according  to  standard  indices  in  percentages  from  the 
number  of  production  workers. 

. 

Depending  on  conditions,  scale  and  the  character  of  production, 
standard  indices  can  be  establish/installed  for  each 

concrete/specific/actual  production.  For  the  amalgamated  calculations 
it  is  possible  to  use  data  given  in  Table  5,  obtained  on  the  basis  of 
the  analysis  of  states  of  test  stations  the  number  of  the  foremost 
enterprises  of  machine-building. 

§4.  Calculation  of  required  areas. 

The  total  area  of  experimental  bench  as  shops  or  its 
compartments  is  composed  of: 

■ 

a)  the  production  area,  occupied  with  directly  experimental 
benches,  equipment,  the  power-supply  systems  and  maintenance,  with 
the  sections  of  the  elimination  of  f lav/defects,  with  preparatory 
installation  and  dismantling  of  engines,  etc.,  including  passes  and 


t- 
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► 


Table  5.  Authorized  strength  on  the  categories  of  personnel  in 
percentages  froa  a quantity  of  product  icq  workers. 


(D 


I-taHMtHOBaHHe  ncpcoHa/ia  no  xaTeropHtiM 


B % or  KO^H'iecrsi  n?0H>93i:rs’ii« 
paSoMHx  npH  MHCjie  hx  ao: 


(i ) BcnoMoraTeAbHbie  paComie 

(£ ) MiDKeiiepiio-TexHii'iecKitH  nepcona.n  (HTP) 
/(,)C'leTHblii  H aAMIIIIIICTpaTIIBII0-X03SliicTBeH- 

Hhifi  nepconaa  (CAX) 

( 1 1 MaaflUjiiti  oOcjiywHBaioiuHfi  nepcoHaa 

(MOn) 


(V> 

0 qeji. 

<3> 

1 00  qeji. 

~nr 

200  imi. 

4 00  qc. 

40 

34 

30 

27 

20 

18 

16 

15 

15 

13 

12 

11 

3.5 

3.0 

2.5 

2.0 

Key:  (1).  Designation  of  personnel  on  categories.  (2).  In  o/o  froa  a 
quantity  of  production  workers  with  their  nuaber  to.  (3).  aan.  (4). 
Auxiliary  workers.  (5).  Technical-engineering  personnel  (engineering 
and  technical  personnel).  (6).  Coaputing  and  adainistrative-econoaic 
personnel  (MAC) . (7).  Low-order  service  personnel  (MOP). 


Page  100. 

In  the  coaaon/general/total  area  of  adainistrative-everyda y 
locations,  usually  is  connected  the  area,  occupied  by  staircases, 
passes,  reels,  which  are  found  within  the  linits  of  these  locations 
in  the  fora  of  annex  or  internal  partitions. 

Production  area  is  deterained  by  the  size/diaensions  of  the 
locations,  necessary  for  the  arrangeaent/perautation  of  stands. 


w 
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brakes  and  other  testing  units  as  a whole,  testing  units  as  a whole, 
including  auxiliary  technological  equipaent,  control  panels,  and  also 
by  the  area  of  the  necessary  passes  and  passages.  Preliminarily  this 
area  can  be  deterained  by  the  combined  standard  indices  and 
subsequently  it  is  refined  with  final  planning.  As  a result  of  the 
varied  conditions  of  engine  testing,  which  are  distinguished  between 
theaselves  by  power,  designation/purpose,  and  the  possibilities  of  a 
selection  of  the  type  of  testing  units,  are  large  difficulties  for 
the  creation  of  single  union  noras.  Since  this  area  is  deterained  by 
the  type  of  the  taken  testing  unit  and  by  its  diaensions,  can  be 
proposed  formula  for  the  approximate  computation  of  the  area, 
occupied  by  one  testing  unit  in  coaaon/general/total  hall  or  in  boxes 
taking  into  account  area  for  the  rooa  cf  control  panel,  but  without 
shop  passages  and  the  areas,  occupied  by  the  apron  of  engines,  by 
their  installation  and  disaant ling: 

S,  “*»(*  + 2)  (6 + 2)  m\  (33) 

where  Sj  - the  area,  occupied  directly  by  one  testing  unit,  in  a*; 

K | - the  coefficient,  taken  on  Table  6; 

/—  the  aaxiaun  length  in  the  protruding  parts  of  the  unit,  including 
stand  with  tested  engine  and  brake  group,  in  a; 
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b is  the  greatest  width  on  the  protrading  parts  of  the  unit  in 


The  production  area  of  experiaental  station  approxima tely  can  be 
determined  by  the  formula 

St  = Ktn.S1  (34) 

where  S2  is  the  production  area  in  m2;  K2  is  the  coefficient, 
determined  in  Table  6;  n - the  number  of  testing  units. 

The  value  of  quantities  t and  b is  given  above. 


Table  6.  Value  of  coefficients  K,  and  Kc  for  determining  the  area  of 
testing  units  and  production  area. 
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When,  on  the  station,  several  testing  units  of  different  types 
are  present,  the  deter aination  of  area  is  carried  out  according  to 
each  group  separately,  and  then  areas  are  totaled,  Foraulas  (33)  and 
(34)  are  suitable  for  the  aaalgaaated  precoaputations;  subsequently 
the  area,  deterained  by  thea,  is  aore  precisely  foraulated  with  the 
planning  of  equipaent. 

For  d eternising  the  coaaoa/genera 1/total  area  of  experiaental 
station  to  production  area,  one  should  add  auxiliary  area  and  the 
area  of  ad ninistra tive- ever yda y locations. 

Auxiliary  area  is  deterained  by  the  selection  of  the  necessary 
services,  connected  with  the  provision  for  a noraal  operation  of 
station.  These  services  are  usually  furnished  next  to  the  production 
sections  of  station  or  in  adainistrati ve-everyday  annex,  with  the 
exception  of  gasoline  flushing  which  aust  be  arrange/located  in  the 
single-stage  part  of  the  building  of  external  wall.  The  deteraination 
of  auxiliary  area  can  be  produced  on  Table-  7. 
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Table  7.  Area  of  the  auxiliary  locations  of  experimental  stations  and 

laboratories  of  aegises. 


(n 


HaHMCHOBaHHe  noMeuietiHfl 


TT 


acMCTiiati  oftiuae  n.nounab 

a V 


HncTpyMeHTa.ibno-pa3flaTomihie  K-naaoBue  

(^KaaaoBbie  annacHbix  aeTaaefi,  BcnoMoraie^bHbix  Maie- 
pHaaoB  ii  cnenoaewau 

^ ^MacTepcKaa  MexaHima  uexa  n.nn  peMOHTHOfl  fipiiraau  . 

(.7 

1 ripii6opnan  MacTepcKaa  n oOMruiibift  nyHKT  npiiOopoB 
Mac.ioKOMiiaia  c xpniieHiieM  cMasoMiibix  Maiepiia.ioB 
BeH3onpoMbiB0'man  


0,1  p+  * V n 
0,15  p + * Y n 
0,22  p + * Vn 
0,15-D-f  * Yn 
0,20  p + k Yn 
0,08  p f * Yn 


( Toro  no  uexy  (oTaeaeiimo) 


0,9p+6x(  n 


Note.  Adopted  in  table  designations: 


p - list  number  of  production  workers; 


n - the  number  of  testing  units; 


k - the  coefficient,  depending  on  average  power  of  the  testing 


units: 


ao  ioo£\ 

$ao  500  X'  c. 

» Quo  2<xxf%  c. 

» McBbiiue  2000  &c. 


* = 4,0; 

* = 5.0; 

* = 6,5: 

* = 8,0. 


Key:  (1).  for  installations  by  average  power.  (2).  to.  (3).  hp.  (4) 
it  is  more  than. 
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Key:  (1).  Designation  of  locations.  (2).  Calculated  total  area  in  m*. 
(3).  Tool-distribution  storerooms.  (4).  storerooms  of  spare  parts, 
auxiliary  materials  and  special  clothing.  (5)  . Shop  mechanics  of  shop 
or  maintenance  crew.  (6).  Instrument  shop  and  the  exchange  point/itea 
of  instruments.  (7).  oil  room  with  storage  of  lubricants.  (8). 
Gasoline  flushing.  (9).  Altogether  on  shop  (compartment). 


Page  102. 

It  is  necessary  to  note  that  in  the  case  of  application/use  at 
experimental  station  as  braking  devices  of  the  electrical  machines  of 
direct  current  the  area  for  the  dynamoelectric  hall  or  other 
convert  *;  is  determined  additionally,  but  Table  7 these  areas  is  not 
consider*  3 . 

The  area  of  administrative-everyday  locations  is  determined  by 
the  required  state  of  experimental  station.  These  locations  can  be 
only  for  an  experimental  station  or  are  united  with  other  shops  and 
the  compartments.  Usually  for  convenience  in  the  calculation  during 
design  the  area  of  administrative-everyday  locations  defines  taking 
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into  account  the  area,  occupied  by  passes,  reels,  stairs  by  cubicles 
the  like,  which,  as  all  other  areas,  it  is  deterained  along  the  axes 
of  building.  The  determination  of  everyday  locations  can  be  produced 
on  Table  8. 
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Table  8.  Area  of  the  everyday  locations  of  experimental  stations  and 


laboratories  of  engines. 


f ^ ^06ih;jh  rwiouiaAb  i«a  1 neji.  lUTatnoro  cocTaBa  ncxa  b m • ] 

HaHNienonaime  noMeiueiiHfi 

3> 

ripw  paOoTC  B 
1 CMeny 

— Tv) 

□pH  pa6oTe  b 
2 cMenu 

IV  , 

ripw  pa*:oTe  b 
3 CMenu 

IlpH  paOoTc  b; 
4 CMenu 

(b 

Tya.'ienibie  KOMiiaTbi  . . . 

0,320 

0,160 

0,110 

0,080 

<l> 

yMbiBa.ibmiKii  . . . . . 

0,036 

0,018 

0,012 

0,009 

(n) 

flyineiibie 

0,490 

0,245 

0,163 

0, 123 

(*) 

Tap^cpoT),  o6ma>!  cpeAiinn 
naomaAb 

0,520 

0,520 

0,496 

0,485  i 

( 

<))  B TOM  M>IC/ie: 

(/cl  a)  oTK[ibiToro  mna  . . . 

(0,070) 

(0,070) 

(0,046) 

(0,035) 

(li)  G)  miAHBii;iya;ibiibie  mi<a 

(])bi.  oAHiiapiibie  . . . 

(0,450) 

(0,450) 

(0,450) 

(0,450) 

(a)!KypiiTejibHa«  Kovtiiaia  . . . 

0,030 

0,015 

0,010 

0,008 

(,} 

Koiupaia  /i.hh  npnnninn  nw- 
IUH  

0.18 

0, 120 

0,080 

0,060 

Toro  n cpofliieM  iia 
1 <ieji.  ofimero  cmico'i- 
iioro  cociaBa  oKpyr-nen- 
no  b 

1,58 

1,08 

0,37 

0,77 

1 

Notes:  1.  Table  is  comprised  in  connection  with  the  sanitary 
norms  of  industrial  design  N 101-54  taking  into  account  the  required 
area  to  walls,  passes,  staircases  and  reels;  therefore  from  it  is 
determined  the  total  area  of  everyday  locations. 


2.  In  the  case  of  application/use  at  experimental  stations  of 
fuel/propellant  with  toxic  additives  (lead  tetraethyl,  etc.)  area  in 
shower  and  wardrobe  locations  is  raised  by  50o/o  in  view  of  need  for 
organization  of  sanitary- washing  point/item. 


of 


3.  For  small  shops 
independent  everyday 


and  compartments  in  the  case  of  organization 
locations,  their  area  can  be  increased  in 
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following  size/diaensions: 

a)  with  connon/general/total  authorized  strength  of  less  100 
aan/person  - to  30o/o; 

b)  with  conmon/general/total  authorized  strength  fron  100  to  150 
aan/person  - to  20o/o. 

Key:  (1).  Designation  of  locations.  (2).  Total  area  on  1 aan/person 
of  authorized  strength  of  shop  in  a*.  (3)  . In  work  into  1 

replacement.  (4).  In  work  into  replacements.  (5).  Toilet  rooms. 

(6).  Hash-stands.  (7).  Shower-baths.  (8).  Cloakroom,  total  middle 
area.  (9).  among  other  things.  (10.)-  a)  the  open  type.  (11).  b)  the 
individual  cabinets,  single.  (12).  Saoking  room.  (13).  Room  for  the 
acceptance  of  food.  (14).  Altogether  on  the  average  on  1 aan/person 
of  common/general/total  workers  on  the  payroll,  it  is  rounded  in  a3. 

Page  103. 

The  calculation  of  the  area  of  adainistrative  locations  can  be 
carried  out  on  Table  9. 

It  should  be  noted  that  with  a small  quantity  of  testing  units. 
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it  is  less  than  3-4  pcs.,  and  with  respectively  snail  states  the 
conposition  of  auxiliary,  everyday  and  adainistrative  locations 
sharply  grow/rises  with  respect  to  production  area.  In  these  cases  of 
area,  one  should  deternine  fron  the  sun  of  the  ainiaally  necessary 
locations  taking  into  account  unification  or  their  cooperation  with 
other  production  conpartaents  or  the  shops. 
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Table  9.  Area  of  the  adninistrative  locations  of  experinental 


stations  and  laboratories  of  engines. 
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1.  14 

Mote.  Middle  specific  area  on  1 nan/person  of  authorized 
strength  includes  also  the  area,  occupied  by  passes,  reels  and 
staircases . 


Key:  (1).  Connon/general/total  authorized  strength  (shops).  (2).  To 
nan.  (3).  Name  of  locations.  (4).  Effective  area  in  a*.  (5).  Middle 
specific  area  on  1 nan/person  of  staff  in  a2.  (6) . Boon  of  the  chief 
of  station.  (7).  Secretary's  rooa.  (8).  Boon  the  deputy  chief.  (9). 


r 
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planning-dispatchers  bureau.  (10).  Technological  bureau.  (11). 

Archive  of  drawings.  (12).  Room  of  quality  control  department.  (13). 
Boon  of  the  nechanic  of  station.  (14).  office  of  station.  (15).  Boos 
of  the  technical  personnel  of  shop.  (16).  Room  of  the  representatives 
of  client.  (17).  Boon  of  public  organizations.  (18).  Altogether. 


Page  104. 


§5.  Selection  of  the  type  and  the  arrangement  of  hauling  means. 


The  solution  to  the  question  of  the  transport  of  engines  at 
experimental  station,  selection  and  the  equipment  of  it  by  hauling 
means  will  depend  on: 

a)  the  scale  of  production  and  program  of  issue,  dimensions  and 
weight  of  the  transported  engines; 

b)  the  type  of  experimental  station  and  method  of  the 
arrangement/permutation  of  testing  units  in  the  common/general/total 
hall  of  station  or  for  the  isolated/insulated  boxes; 
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c)  the  need  Cor  the  realization  of  intercrew  or 
interdepartmental  tran  sportation. 

For  the  supply  of  engines  froa  asseably  coapartaent  to 
experiaental  station  and  further  into  painter  coapartaent,  expedition 
or  to  the  section  of  the  final  asseably  where  is  installed  engine, 
can  be  used  the  following  conveying  devices: 

1.  Overhead  continuously  effective  conveyors.  This  convenient 
and  highly  productive  fora  of  transport  there  will  be  advisable  and 
it  is  justified  only  for  aass  production. 

2.  Tap/cranes,  overhead-travelling  crane  or  aonorails  with 
electric  overhead  conveyor,  controlled  froa  cabin/coapartaent  or  froa 
sex/floor,  can  be  used  for  series  and  snail-scale  production  with 
liaited  distance  of  transportation.  Tap/cranes  and 
overhead-travelling  crane  it  is  expedient  to  apply  only  within  one 
housing.  Monorail  with  telpher  can  be  used  also  for  intercrew 
transportation;  however,  its  operation  in  this  case  is  connected  with 
sone  inconveniences  during  the  intersection  of  door  apertures  in 
buildings  and  the  need  for  device  in  then  of  special  gates  or  doors. 

3.  Standard  or  special  electric  cars  and  platfora  trucks  with 
lifting  stage,  truck  tractors  with  trailers  and  other  foras  of 
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trackless  transport  is  very  naneuverable  and  econoaical  transport  for 
large-scale,  series  and  seall-scale  production.  Are  especially 
convenient  and  productive  electro-  and  platfore  trucks  with  the 
lifting  stage  for  the  transportation  of  engines  up  to  3 t in  weight. 
They  do  not  reguire  overloadings,  since  the  engine  is  located  on  the 
support/ socket  frn>n  which  it  is  transported,  but  lift  and  its 
dropping  is  produced  by  its  own  lifting  stage.  The  transportation  on 
then  of  engines  can  be  produced  directly  to  stand  itself,  which  is 
especially  valuable  during  the  arrangenen t/per nutation  of  testing 
units  in  boxes. 

4.  Rail  transport  of  narrow  or  wide  gauge  for  transportation  on 
railroad  either  on  special  platforns  by  gasoline  loconotives  or  on 
special  self-propelled  trucks.  This  is  the  bulky  and  conplex  forn  of 
transport,  which  occupies  large  area  in  buildings  and  in  the 
territory,  adjacent  to  station;  therefore  it  can  be  justified  only  in 
the  exceptional  cases,  for  the  transportation  of  very  large  in 
dimensions  and  weight  engines. 

Page  105. 


For  the  support  for  lifting-transporting  operations,  produced  at 
experinental  station  on  setting  to  the  stand  of  engine  and  its  taking 
after  testing,  it  is  frequently  necessary  to  have  additional  hauling 
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means. 

In  the  case  of  the  arrangement  of  several  test  benches  in 
common/general/total  location  for  this  purpose,  are  most  convenient 
will  be  electrified  tap/cranes  and  overhead-travelling  crane, 
controlled,  as  a rule,  fron  sex/floor. 

Por  the  testing  units,  arrange/located  in  toxes,  in  the  majority 
of  cases  it  will  prove  to  be  sufficient  to  equip  thea  with  aonorails 
with  the  electric  overhead  conveyors,  placed  along  the  longitudinal 
axis  of  installations. 

During  the  determination  of  the  load  capacity  of  conveying 
appliances,  one  should  also  consider  the  need  for  periodic  lift  and 
displacing  the  greatest  over  weight  assembly  of  braking  device  during 
repair,  preventive  maintenance  or  the  replacements  of  the  parts  of 
this  equipment.  If  these  operations,  connected  with  the  maintenance 
of  brake  rigging,  entail  an  excessive  increase  in  the  load  capacity 
of  lifting-transporting  devices,  then  it  is  expedient  to  search  for 
ways  of  their  execution  with  the  aid  of  t ime/temporary  removable 
rigging  devices.  For  this  purpose,  for  example,  can  be  used  the 
manual  blocks  and  tackle  of  the  necessary  load  capacity,  temporarily 
hung  to  monorail  or  tripod,  nonorail  in  this  case  is  designed  for 
maximum  load  capacity.  This  solution  to  question  can  give  the 
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considerable  sayings  of  the  capital  investaents  in  conveying  devices 
and  in  the  construction  volumes  of  the  locations  of  bench 
installations.  Since  an  increase  in  the  load  capacity  of  constant 
conveying  devices  with  the  nechanical  lift  of  loads  and  their 
■ovenent,  as  a rule,  reguires  an  increase  in  altitude  of  building,  in 
this  case  it  is  expedient  to  use  tine/tenporary  removable- rigging 
device.  Furthermore,  shortening  the  load  capacity  of  bench  conveying 
appliances  gives  large  conveniences  and  maneuverability  during  the 
execution  of  basic  production  operations. 


For  setting  and  taking  of  engines  from  stand,  they  are  are  very 
convenient,  but  sometimes  also  are  necessary  the  electric  overhead 
conveyors,  which  have  two  rates  of  climb  and  dropping  of  loads.  This 
special  feature/peculiarity  makes  it  possible  to  produce  the  more 
precise  and  smoother  setting  of  engine  in  the  setting  places  of  stand 
without  the  scratch  of  obtaining  impact/shocks  or  nicks.  Requirement 
to  two-speed  transmission  one  should  specify  with  the  order  of 
lifting-transporting  equipment. 


§6.  Planning  of  equipment,  systems  of  devices. 


Before  the  compilation  of  the  layout  of  the  equipment  of 
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experimental  station,  aust  be  developed  and  solved  a series  of  the 
basic  product ion- engineering  questions,  connected  with  the 
organization  of  nee  or  the  reconstruction  of  the  existing  station. 


Page  106. 

In  this  case,  first  of  all  and  aainly  these  probleas  aust  be  solved 
depending  on  the  arrangeaent  in  it  of  basic  equipaent. 

Vith  the  arrangeaent  of  testing  units  in  coaaon/gener al/total 
hall,  they  aust  be  solved: 

1.  Method  of  transportation  and  the  order  of  supply  of  engines 
to  stands  and  back  after  testing  for  their  further  sequence. 

2.  order  of  arrangeaent  of  stands  and  control  panels  to  then, 
operating  area/sites  and  passes  between  stands. 

3.  Systea  of  gas  bleeder  and  diagran  of  its  layout. 

h.  Selection  of  systeas  of  centralized  feeding  of  tested  engines 
and  stands  theaselves  by  fuel/propellant,  by  oil,  water  and  so  forth, 
location  of  coaaun ications  and  auxiliary  devices. 

5.  Location  of  distributive,  transforaative  and  other  electrical 


devices. 
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Fig.  30.  Diagram  of  the  planning  of  experimental  station  in  separate 
housing  for  testing  the  gas  turbines  up  to  1000  h.p.  in  power:  a)  the 
plan/layout  for  the  housing  of  the  experimental  station:  1 - 
administrative-everyday  annex,  the  second  deck;  2 - the  same,  the 
first  deck;  3 - oil  room;  4 - gasoline  flushing  room;  5 - box  of 
testing  unit;  6 - cabin/conpar taent  of  control;  7 - vertical  muffler 
on  gas  bleeder;  8 - location  for  conservation  and  packing  of  engines; 
9 - loading  footlight;  10  - generator;  11  - hall  of 
training/preparation  engine;  12  - shop  mechanics  and  storerooms;  b) 
the  cross  section  of  the  housing;  1 - horizontal  muffler  of 
additional  air;  2 - monorail  with  electric  overhead  conveyor;  3 - 
location  of  ventilation  installations;  4 - electrical 
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overhead-travel ling  crane;  5 - mounting  fixture  above  the  loading 
footlight;  6 - nonorail  with  electric  overhead  conveyor;  7 - loading 
footlight;  8 - passage;  9 - induction  brake;  10  - engine. 


Page  107. 

6.  The  sane,  ventilation-heating  systems. 

With  the  arrangement  of  testing  units  in  boxes,  they  nust  be 
solved: 

1.  Outline/contour  and  the  size/dimensions  of  box,  the  type  of 
the  cabin/conpartaent  of  control  and  its  location. 

2.  Type  and  arrangement  of  devices  of  systems  of  air  intake  and 
gas  bleeder,  including  sound-deadening  devices. 


3.  Method  of  transportation  and  order  of  supply  of  engines  in 
side,  to  stand  and  back  for  their  further  sequence. 


4.  Selection  of  systems  of  centralized  feeding  of  tested  engines 


and  stands  themselves  by  fuel/propellant,  by  oil,  water  and  so  forth, 
location  of  communications  and  auxiliary  devices. 
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5.  Location  of  distributive,  transfor native  and  other  electrical 
devices. 

6.  The  same,  ventilation- heat ing  systeas  and  basic  air  ducts  on 
box  and  ca bin/compartment  of  control. 

As  an  example  of  successful  solution  to  the  enuaerated  questions 
to  Fig.  30  is  given  the  diagram  of  the  planning  of  experimental 
station  for  testing  the  transport  gas  turbines  up  to  1000  h.  p.  in 
power  with  the  arrangeaent  of  testing  units  in  the  separate  boxes, 
equipped  with  the  sound-deadening  devices. 

On  the  experinent  of  building  and  operation  of  experiaental 
stations,  can  be  foraulated  the  following  basic  recoaaendations, 
which  one  should  consider  with  planning. 

j 

1.  Planning  with  the  arrangeaent  of  testing  units  in  coaaon  location. 


The  location  of  testing  units  aust  abut  the  external  wall  of  the 


housing  of  building  and  be  furnished  along  it,  in  this  case  the 
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longitudinal  axis  of  flight/span  oust  be  parallel  to  external  wall. 

This  solution  considerably  raises  fire  safety  of  entire 
regaining  housing,  it  improves  airing  the  location  of  stands,  it 
simplifies  the  task  of  the  branch/renoval  of  waste  gases.  If 
necessary  for  equipment  by  the  sound-deadening  devices,  and  also  the 
supply  of  fuel  lines  it  nakes  it  possible  to  place  the  fuel  lines  of 
outside  housing  of  external  wall. 

One  should  consider  the  possibility  of  the  afterexpansion  of 
experimental  station  either  by  means  of  annex  froa  the  end  part  of  it 
of  the  basic  flight/span  of  building,  or  by  aeans  of  the  transfer  of 
the  adjacent  coapa rtaents,  which  do  not  have  heavy  and  bulky 
equipment  and  complex  production  conduit/aanif olds  and  other 
communications. 

The  test  benches  one  should  furnish  perpendicular  to  the 
longitudinal  axis  of  location,  in  one  or  two  series  with  the  passage 
between  then.  Stands  for  convenience  in  the  installation  of  engines 
' must  be  arrange/located  by  front  to  passage,  and  braking  devices  from 
it,  to  the  walls  of  location.  The  distance  between  machines  one  ought 
not  to  accept  less  than  1 a. 
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The  selection  of  the  width  of  passage  depends  on  dimensions  and 
the  method  of  the  transportation  of  engines  and  presence  of  contrary 
goods  traffics.  The  width  of  passage  can  be  sufficient  within  limits 
2.5-4  m. 


Under  experimental  station  one  should  avoid  the  device  of 
basements  for  the  arrangement/permutation  in  them  of  ventilation 
installations,  rooms  for  training/preparation  of  oils  and  other 
needs..  Such  basements  do  not  nake  it  possible  tc  apply  the  standard 
projects  of  industrial  buildings,  considerably  raise  in  price 
construction  expenditures,  they  raise  the  explosive-fire  hazard  of 
experimental  station  and  decrease  the  possibility  of  the  subsequent 
reconstructions . 

Oil  room  and  ventilation  installations  can  be  placed  next  to  the 
test  benches,  but  if  necessary  for  basement  arrangement,  are  fenced 
off  from  them.  For  providing  the  oil  drain,  drainage  or  drainage  oil 
tanks  can  be  arrange/located  in  the  local  pit,  sunk  from  floor  level 
at  the  necessary  depth,  with  the  subsequent  pumping  from  it  of  oil  by 
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2.  Planning  with  the  arrangement  of  testing  units  in  boxes. 

Between  cabin  part  and  other  production  and  auxiliary  services, 
one  should  provide  for  the  passage,  fenced  off  as  far  as  possible  by 
anechoic  partition/baffles.  The  width  of  passage  is  determined  by  the 
dimensions  of  article  and  by  conveying  devices;  however,  less  than  3 
n made  them  should  not  be. 

Boxes  and  testing  units  in  them,  as  a rule,  are  furnished 
perpendicular  to  external  wall  or  the  longitudinal  axis  of  station. 
During  testing  of  piston  engines  brake  group  to  more  expedient 
establish/install  is  nearer  to  the  external  wall  of  box,  and  strictly 
the  stand  from  entrance.  Stands  for  gas  turbines  to  more  sometimes 
conveniently  furnish  vice  versa;  in  this  case  the  which  is  subject  to 
testing  turbine  for  an  installation  to  stand  is  transported  on  top 
above  the  brake. 

Devices  of  noise  suppression  and  basic  part  of  the  gas-bleeding 
exhaust  system  must  be  furnished  outside  boxes  of  external  wall,  but 
air-inlet  shaft/mines  on  boxes  with  vertical  or  horizontal 
arrangement. 

The  boxes,  which  have  shaft/mines  for  the  flow  of  air,  which 
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goes  to  the  feeding  of  engine  and  the  ejection  cf  waste  gases.  Bust 
have  calorific  heating  system.  The  ventilation  chambers  of  the 
heating  system  and  ventilation  can  be  furnished  on  top  above  boxes; 
between  them,  next  to  the  cabin/coapartaent  of  control;  above  the 
transition  passage;  or  above  the  cabin/coapartaent  of  control. 

The  side  arrangement  of  the  cabin/coapartaent  of  control  in 
coaparison  with  end  (see  Fig.  29)  gives  the  following  advantages: 
best  survey/coverage  of  an  entire  testing  unit,  including  brake  of 
group;  shortening  the  technological  conaunicaticns,  including 
controls  and  measuring  systems;  the  closer  and  more  convenient 
arrangeaent  of  testing  unit  provides  the  possibility  of  the  best 
maintenance  and  cabin  lighting  of  control  of  daytiae,  natural  light; 
it  improves  the  supply  of  fuel  and  other  industrial  coaaun ications  it 
provides  convenient  entrance  and  the  supply  of  engines  into  box. 

Page  109. 

The  side  cabin/coapart aents  of  control  it  is  expedient  to  accept  with 
narrow  and  long  boxes  with  their  arrangeaent/perautation  on  the  first 
or  second  decks.  Two-story  arrangeaent/perautation  is  conveniently 
during  the  highly  available  testing  units.  In  this  case  under  the 
cabin/coapartaent  of  control,  one  should  place  equipment  and 
equipment  for  technological  power-supply  systeas. 


End  cabin/coa part  Bents  can  be  arranged  with  wide  boxes  or  with 
their  arrangenent  on  the  second  deck.  In  the  first  case  wide  box 
■akes  it  possible  to  organize  passage  into  box  and  to  place  next  to 
it  the  cabin/coapartaent  of  control,  in  the  second  case  the  passage 
can  be  arrange/located  under  cabin/coapartaent.  This  last/latter 
solution  aakes  it  possible  to  have  the  common/general/tota 1 for  all 
installations  cabi n/coapart nent  of  control,  which  gives  a series  of 
organizational  conveniences  and  econoaic  advantages  in  the 
aaintenance  of  station. 


Since  in  the  cabin/compar taents  of  control  are  placed  aany 
precise  and  fine/thin  aeasuring  neters,  they  aust  have  the 
pure/clean,  bright,  convenient  and  beautifully  designed  locations. 

The  supply  of  energy  and  technological  connunications  for  the 
feeding  of  separate  users  can  be  produced  where  this  allow  conditions 
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in  underground  channels,  for  columns,  walls  and  under  the  ceiling 
overlap  of  building.  One  should  avoid  device  for  these  purposes  of 
passage  channels  - the  coaplex  and  expensive  constructions,  which 
prevent  the  application/use  of  standard  buildings  and  standard 
structures.  For  communications  with  lower  separation,  including  those 
that  require  gradient/drafts  and  drainages,  it  is  possible  in  the 
aajority  of  cases  tc  manage  with  underground  channels.  According  to 
the  considerations  of  control,  revision  and  possibility  of  the 
packing  of  the  additionally  required  conaunications,  these  channels 
nust  have  stripper  plates. 

§7.  Construction  characteristic  of  buildings. 

fhe  construction  characteristic  of  the  buildings  of  experiaental 
stations  in  aany  respects  depends  on  the  type  of  the  engines,  tested 
of  their  power,  and  the  type  of  testing  units.  For  stations  with  the 
arrangenent  of  testing  units  in  coaaon/general/total  location  its 
structure  will  not  differ  froa  common  industrial  single-story 
buildings.  In  this  case  for  the  nore  convenient  use  of  hauling  aeans 
experiaental  station  to  aore  preferable  furnish  in  single-span 
building. 
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Page  110. 

The  width  of  flight/span  according  to  the  available  standard 
farm/trusses  can  be  accepted  by  12,  18,  24  ■ and  more  with  the  space 
of  the  columns  through  6 or  12  a.  It  is  expedient  in  this  case  to 
have  to  the  riding-crop  of  the  arrangeaeat  of  columns,  one-type  with 
other  flight/spans,  available  in  this  housing  of  building.  The 
selection  of  the  necessary  height/altitude  will  depend  on  the 
diaensions  of  testing  units  and  engine,  and  also  on  the  nethods  of 
transportation,  constructions  of  lif ting-transporting  devices  and 
their  load  capacity. 

If  necessary  for  the  arrangement  of  testing  units  in  the 
isolated/insulated  cabin/cotpartaents  or  boxes,  the  latter  in 
construction  sense  can  be  those  built-in  into  standard  design  of  the 
flight/span  of  industrial  type  building  as  annex  to  it  or  in  the  fora 
of  separate  building.  When  selecting  pcssible  solutions,  it  is 
necessary  to  consider  the  sound-proofing  abilities  of  walls, 
overlaps,  door  and  window  apertures,  and  also  vibration  isolation 
from  the  test  pits  of  the  remaining  part  of  the  building  where  is 
arrange/located  experimental  station. 

The  structures  of  the  building  of  experiaental  station  as  a 
whole  and  of  its  separate  locations  aust  satisfy  noras  and  the 
requireaents  which  are  related  to  the  category  of  these 
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constructions,  according  to  classification  in  appendix  3. 

The  auxiliary  locations,  which  require  partitioning  of  regaining 
sections  (shop,  storerooa  and  other  locations),  and  also 
administrative  and  everyday  locations  can  be  furnished  in  separate 
annexes  or  be  built  in  into  the  production  volunes  of  buildings.  It 
is  expedient  so  that  these  annexes  or  available  partitions  indoors 
would  not  fall  on  height/altitude  outside  the  dimensions  of  basic 
building  and  they  were  not  uore  than  2-3  decks. 

During  the  construction  of  experimental  stations,  must  be 
directed  special  attention  to  the  following  special 
feature/peculiarities  of  some  structures. 


1.  Foundations  under  equipment. 

Zn  order  to  eliminate  the  transmission  of  vibrations  from  engine 
on,  the  foundations  of  the  test  bench,  including  brake  group,  they 
must  have  a breakage  from  surrounding  constructional  structures  of 
building.  As  allows  the  experiment  of  the  carried  out  tests  of 
powerful  and  especially  slow  piston  engines  (engines  of  more  than  500 
h.  p.  on  rated  r/min  of  less  2000  r/min)  , it  is  very  desirable  under 
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such  testing  units  to  sake  foundations  on  the  elastic  support.  The 
diagraa  of  this  foundation  is  given  to  Pig.  31.  In  this  case,  it  is 
necessary  that  the  foundation  would  have  sufficiently  large  aass  of 
concrete,  and  for  an  increase  in  strength  - reinforcing  as  aetal.  The 
bottoa  of  this  foundation  oust  be  arrange/located  below  the  base/root 
of  the  foundations  of  the  surrounding  structures  of  building. 

For  gas  turbines  - aachines  aore  balanced  and  hinh-speed  whose 
natural  vibration  frequency  is  sufficiently  high  in  coaparison  with 
the  frequency  the  surrounding  structures,  it  is  expedient  in  boxes 
foundations  to  make  in  the  fora  of  power  sex/floor. 

Page  111. 

The  diagraa  of  this  foundation  is  shown  to  Fig.  32.  Proa 
technological  point  of  view,  this  foundation  has  great  possibilities 
on  the  case  of  a change  in  the  unit,  the  need  for  setting  of 
accessories,  etc. 

All  bench  foundations  aust  have  laying  cell/eleaents  froa  the 
aetallic  busbar/tires,  packed  in  the  body  of  foundation,  as  shown  in 
Fig.  31  and  Fig.  32.  This  it  frees  froa  the  need  for  application/use 
for  the  coaplex  in  aanufacture,  bulky  and  expensive  cast  iron 
plate/slabs,  which  did  not  justify  itself  in  practice. 
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All  foundations  Bust  be  packed  so  that  their  upper  bottoa  Mould 
be  flush  with  the  sex/floor  of  the  location  of  testing  unit.  This 
packing  eliminates  snail  rapids  and  creates  conveniences  in 
operation,  during  approach  and  aaintenance  of  stand. 

As  the  cushions  can  be  applied  the  bundles  fron  several  layers 
of  the  asbestos,  covered  in  perganyn,  the  plate/slabs  from  plug,  the 
plastics,  uhich  do  not  lose  elasticity  vith  aging,  and  other  elastic 
naterials. 
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Pig.  31.  The  diagraa  of  foundation  under  the  stand,  isolate/insulated 
froa  the  surrounding  constructions  of  building  on  the  cushion:  1 - 
duct  of  foundation;  2 - foundation;  3 - cushion;  4 - elastic 
packing/seal ; 5 - busbar/tire  for  fastening  of  bench  equip  Bent;  6 - 
stressed  fraae. 


Pig.  32.  The  diagraa  of  foundation  in  the  fora  of 
coaaon/general/total  thrust  plate  for  several  testing  units:  1 - 
array  of  foundation;  2 - busbar/tire  for  fastening  of  equipaent;  3 - 


stressed  frame 
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In  boxes  foe  testing  the  different  engines  by  the  power  of  aore 
than  500-800  h.p.  the  structures  aust  have  a breakage  of  vibration 
insulating  welds  froa  the  cabin/coapartoents  of  control  and  reaaining 
structures  of  building.  A siailar  vibration  isolation  is  extreaely 
necessary  for  the  cabin/coapartaents  of  control,  arrange/located  on 
the  second  deck.  Is  reached  it  by  device  either  double  walls  or  the 
colunns  on  which  rest  the  adjacent  the  box  constructions.  In  this 
case,  the  walls  or  colunns  aust  have  the  single  foundations, 
isolate/insulated  froa  the  foundations  of  the  walls  of  boxes.  For 
providing  the  strength  of  the  structures  of  the  walls  of  boxes,  they 
can  have  packing  reinf orced-concrete  belt/zones  or  even  the 
reinforced-concrete  fraaework/body , filled  with  brickwork. 


2.  Constructions  weeding. 


The  selection  of  optiaua  constructions  weeding  for  experiaental 
stations  it  has  large  value.  Good  construction  weeding  is  especially 
necessary  when  basic  transportation  is  realize/accoaplished  on 
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sex/floors  with  the  aid  of  electric  car,  the  truck  tractors  with  the 
trailers  and  of  other  fores  of  trackless  transport.  The  preeature 
wear  of  insufficiently  fail-safe  designs  weeding  it  iepedes,  and  it 
sonetiaes  also  deranges  tests  such  weediqg  and  dust  has  adverse 
effect  on  the  guality  of  the  operation  during  their  testing. 

For  the  indicated  reasons  for  experimental  stations,  conn on 
ceaent  hens  cannot  be  recoeaended. 

Asphalt  or  asphalt-concrete  coatings  weeding  are  also  unsuitable 
due  to  their  capability  for  dissolution  with  the  frequent 
incidence/inpingea ent  on  then  of  gasoline,  kerosene  and  other 
hydrocarbon  fuels  and  oils.  These  hens  also  do  not  sake  it  possible 
to  support  purity/finish  indoor  of  station.  Xylolite  hens  or  hens 
froa  the  xylolite  pressed  slabs  are  also  unsuitable  for  production 
locations  as  a result  of  their  insufficient  strength;  however,  they 
can  successfully  be  applied  for  the  coating  of  adainistrat ive, 
auxiliary  and  certain  part  of  the  everyday  locations  where  there  are 
no  aoisture  and  large  evaporations. 

Hens  froa  metallic  slabs  are  not  capable  of  withstanding  large 
loads  froa  trackless  transport  and  are  conpletely  unacceptable  due  to 
their  large  slip  especially  with  the  incidence/iapingenent  on  then  of 
oils  or  liquid  propellants.  Therefore  such  hens  at  experiaental 
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stations  can  be  applied  partially:  for  the  cabin/coapartae nts  of 
control,  laboratory  locations  and  sanitary  assemblies  in  everyday 
locations. 

Proa  those  who  exist  weeding  most  acceptable  for  all  types  of 
experiaental  stations  they  are  mosaic  hens  (aartle  grit).  Such  hens 
are  suitable  both  for  the  coating  of  all  production  locations  and  for 
passages,  passes,  engine  houses,  etc. 

Page  113. 

For  providing  the  aore  high  wear  resistance  a series  of  the  existing 
experiaental  stations  forced  were  to  cover  the  hens  on  the  sections 
of  the  basic  transportation  of  engines  with  the  metallic,  cast  iron 
plate/slabs,  having  corrugated  surface.  As  it  shows  the  practitioner 
of  work,  such  constructions  are  very  strong  and  reliable  in  prolonged 
operation. 

3.  Finishing  works. 


The  internal  finishing  of  the  production  locations  cf 
experiaental  stations  is  determined  by  technological  requirements  in 


i 
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the  part  of  the  observance  and  maintenance  in  them  of  the  necessary 
purity/finish.  Thus,  for  instance,  gas  turbines  during  testing 
require  the  increased  purity/finish  of  the  air,  which  enters  the 
combustion  chamber  from  the  locations  of  experimental  station.  In 
this  case  it  is  not  allow/assuaed  so  that  in  it  would  be  dust  or 
particles  of  building  materials.  The  used  electrical  machines  and 
electric  motors  for  brakes  and  converters  also  require  the 
maintenance  of  the  purity/finish  of  the  locations  where  they  are 
arrange/located.  Therefore  the  majority  of  testing  units  requires,  in 
order  to  the  internal  surface  of  locations,  including  the 
cabin/compartments  of  control,  it  would  be  plastered,  but  on  entire 
perimeter  of  walls,  on  height/altitude  from  sex/floor  on  2-2.5  m they 
would  be  arranged  the  panels,  painted  by  oil  paint.  The  metal 
constructions  of  overlaps,  conveying  appliances,  the  monorails,  the 
crane  runways,  ventilation  metallic  air  ducts  and  so  forth  must  be 
also  painted  by  oil  paint  or  nitrocellulose  enamel.  The  remaining 
structures  of  walls  and  ceiling  overlaps  can  be  painted  by  distemper. 

If  the  internal  surface  of  walls  and  partition/baffles  is 
cover/coated  with  the  sound-absorbing  facing,  then  these  surfaces  are 
not  plastered  and  finishing  coatings  they  do  not  undergo. 

Finishing  remaining  auxiliary  administrative  and  everyday 
locations  is  fulfilled  according  to  the  effective  norms. 


■ 
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Chapter  VIII. 


NOISE  SUPPRESSION  OF  EXPERIMENTAL  STATIONS. 


§1.  Sources  of  noise  and  fight  with  thea. 


During  the  test  work  of  a series  of  engines  and  their 
assemblies,  appears  the  intense  noise,  which  creates  heavy  hygienic 
working  conditions  not  only  to  the  personnel,  which  operates  testing 
units,  but  also  to  the  workers  of  adjacent  shops.  Being  spread  to 
large  distances,  this  noise  is  serious  interference/ jaaaing,  also, 
for  all,  that  live  in  area  of  the  arrangement  of  experimental  station 
or  laboratory. 

The  prolonged  stay  in  the  zone  of  action  of  loud  noise  is  led  to 
the  damage  of  the  normal  activity  of  central  nervous  system.  In  this 
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case,  is  depressed  the  labor  productivity,  is  retarded  reaction  to 
the  sound  and  other  signals,  is  attenuate /weakened  attention,  which 
contributes  to  an  increase  in  the  traumatism  and  to  occupational 
diseases.  The  noise  of  high  level  is  harmful  also  for  a hearing  aid, 
since  it  causes  partial,  and  sometimes  also  the  total  loss  of 
audition. 

By  aost  irritating  are  noises  in  the  frequency  region  700-1000 
Hz  and  especially  higher  2000  Hz.  Therefore  the  conteaporary 
experimental  stations  and  the  laboratories  whose  units  separate  high 
noise  level,  are  unthinkable  without  the  realization  on  then  of  the 
aeasures  of  noise  suppression  and  soundproofing. 

Sanitary-engineering  norms  and  the  requirements  for  state 
sanitary  inspection  establish/install  the  maximum  permissible  noise 
levels  in  production  (see  appendix  2).  These  norms  require  also  the 
presence  of  a sant ary-shielding  zone  between  experimental  stations, 
their  separate  units  or  laboratories  and  habitable  houses, 
culture-and-welfare  services  and  the  constructions  which  can  be 
located  in  area  of  their  arrangement.  A radius  cf  the 
sanitary-shielding  zone  is  determined  300  m.  The  sound-deadening 
devices  must  ensure  beyond  the  limits  of  this  zone  noise  level  not 
more  than  70  dB  (at  the  average  and  high  frequencies).  Sometimes  the 
radius  of  the  stanitar y-shielding  zone  can  be  abbrevia ted/reduced  to 
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Hoise  sources  during  testing  of  piston  engines  are  issue  of 
waste  gases,  work  of  mechanisms  as  a result  of  motion  and  friction  of 
gears,  knock  of  the  valves,  springs,  cans  and  other  parts,  and  also 
noise,  emitted  by  the  vibration  of  crankcase,  frame  and  connecting 
tuces.  However,  the  greatest  noise  level  originates  from  gas  outlet 
and  partially  from  air-intake  as  a result  of  the  outflow  of  gas  and 
air  and  jump  in  pressure  in  exhaust  and  admission  ports  and 
conduit/manifolds.  Common/general/total  noise  level  and  the 
characteristic  of  its  spectrum  in  frequencies  cf  piston  engines 
depends  on  power,  the  number  of  cylinders,  revolutions  and  other 
design  features.  Of  the  majority  of  engines  of  this  type,  the  noise 
spectrum  is  composed  of  the  frequencies,  affecting  its  level  and 
arrange/located  within  limits  from  100  to  4000  Hz;  in  this  case  the 
highest  level  of  noise  give  the  frequencies  from  200  to  600  Hz. 

During  testing  of  piston  engines  with  the  closed  issue  of  waste 
gases  and  especially  with  the  silencers  of  engine  the  noise  level 
ftbarply  descends.  A decrease  in  this  level  in  larger  measure  occurs 
at  high  and  medium  frequencies. 


In  work  of  gas  turbines,  the  noise  formation  occurs  mainly 
because  of  the  turbulent  aixing  of  the  particles  of  gas  jet,  coming 
out  from  turbine  at  a high  speed,  together  with  the  particles  of 
surrounding  air.  Of  gas  turbines  to  noise  level  and  its  frequency 
characteristics,  has  effect  also  work  of  compressor,  turbine, 
combustion  chamber  and  drives  of  the  operating  mechanisms. 

The  frequencies,  component  the  ground  level  of  the  noise  of 
these  engines,  are  located  in  the  spectrum  from  100  to  8000  Hz,  of 
them  the  greatest  level  give  the  frequencies  from  200  to  1000  Hz. 

If  the  rate  of  the  coming  out  gas  at  values  of  more  than  100  a/s 
affects  the  intensity  of  noise,  which  is  velocity  function  in  the 
eighth  degree,  then  temperature  of  gases  intensity  affects 
insignificantly. 

§2.  Basic  concepts  and  the  determinations  of  noise. 


The  technological  level  of  contemporary  in  the  majority  of  cases 
makes  it  possible  to  solve  in  a sufficient  measure  all  questions. 
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related  to  silencing  of  testing  units.  Many  of  these  questions  can  be 
solved  on  places  by  very  workers  of  experiaental  stations.  For  the 
possibility  of  the  solution  to  the  applied  problems,  connected  with 
subsequent  calculations  of  the  sound-deadening  and  sound-proofing 
devices,  we  give  from  acoustics  some  basic  concepts  and 
deterninat ions. 

Noise  is  a complex  sonic  process  with  the  rich  spectrum.  Some 
noises  contain  the  sounds  of  percussive  character 
(nomentua/impulse/pulses) . 

Sound  pressure  - the  difference  between  the  instantaneous  value 
of  the  continuously  changing  sound-wave  pressure  and  the  constant 
atmospheric  pressure,  which  exists  at  the  particular  point  in  the 
absence  of  sound. 
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Force  or  intensity  of  sound  - the  guantity  of  sound  energy, 
which  passes  per  unit  tine  through  the  unit  of  area/site, 
perpendicular  to  direction  cf  its  propagation.  Sound  intensity  is 
equal  to 


/ = ape /cm*  ■ cex, 


pc 


(35) 


Key:  (1).  erg/ca*«s 

where  P is  the  sound  pressure  in  dyn/ca*;  p - the  density  of  aediua 
in  g/cn3;  for  standard  air 

P = 1,21  • 10-3  z/cm3-, 

^0).  ojjc  m1 

c - the  sound  propagation  velocity  in  this  aediua;  in  air  under 
noraal  atmospheric  conditions  this1  speed  is  egual  to  3.43  x 10 * ca/s. 

During  a change  in  the  tenperature  of  air,  the  speed  of  sound  is 
defined  as: 

C=  18,3  j/f  M/CCK,  (36> 

Key:  11).  a/s 

where  T is  absolute  temperature  of  air  in  °K. 

Sound  intensity  level  In  acoustic  engineering  it  is  accepted  to 
estiaate  intensity  of  sound  or  sound  pressure  acre  freguent  not  in 
absolute,  while  in  relative  logarithmic  units  - decibels.  The 
aeasured  thus  values  they  are  called  levels.  The  sound  intensity 
level  is  tenfold,  coaaon  logarithm  of  the  ratio  of  actual  sound 
intensity  at  the  particular  point  of  space  to  threshold  sound 


1 
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intensity: 

L = 10  lg  — = 20  lg  — d6,^\  (37) 

I o ”o 

Key;  (1).  dB,/|vhere  I is  th  esound  intensity  at  the  particular  point 
of  space;  I0  the  sound  intensity,  which  corresponds  to  the 
conditionally  taken  zero  level  (threshold  of  audibility),  equal  to 

/0=  10- 16  errt/cM2  = 10-9  )pe/CM2  -c^k 

Key:  (1).  W/cm*.  (2).  erg/cm**s 

(it  approximately  corresponds  to  intensity  hardly  audible  sound  in  the 
frequency  domain  of  the  greatest  sensitivity  of  audition) ; 

P - sound  pressure  at  the  particular  point  of  space  in  dyn/cm* 
(bar)  corresponds  to  sound  intensity  I; 

P0  - sound  pressure  in  threshold  sound  intensity,  corresponds  to 
sound  intensity  I0,  in  this  case  the  sound  intensity  level  equal  to  1 
dB,  corresponds  to  sound  pressure. 

P0  = )/(wTT/7=  2- 10-<  ddil/CM2^  2- 10-“  6$p, 

Key:  (1).  dyn/cm*.  (2).  bar. 

i.e.  corresponds  approximately  0.0002  bar  or  2*10  10  atm. 


Loudness  level  - the  subjective  quality  of  auditory  perception 
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depends  not  only  on  sound  intensity*  but  also  on  frequency*  or  on  the 
conditions  of  perception  and  duration  of  effect. 

Page  117. 

For  the  quantitative  comparison  of  volumes  of  sound  of  different 
frequencies*  there  is  a concept  of  the  loudness  level*  the  unit  of 
measurement  of  which  is  background.  Regarding  the  loudness  level  in 
backgrounds  numerically  it  coincides  with  the  sound  intensity  level 
in  decibels  at  frequency  1000  Hz.  For  the  sound  whose  level  below  90 
dB*  at  frequencies  below  1000  Hz  the  absolute  value  of  the  scale  in 
backgrounds  numerically  lags  behind  decibel  scale.  At  frequencies 
higher  1000  Hz  on  the  same  level  of  sound*  on  the  contrary*  the 
absolute  value  of  scale  in  decibels  of  level  of  sound*  on  the 
contrary*  the  absolute  value  of  decibel  scale  numerically  lags  behind 
the  scale  in  backgrounds.  For  loud  sounds  above  90  dB  it  is  possible 
to  count  that  the  loudness  level  does  not  in  practice  depend  on 
frequency  and  coincides  with  the  sound  intensity  level 

Minimum  that  which  is  received  by  audition  a change  in  the  sound 
intensity  composes  approximately  lOo/o*  which*  in  turn*  corresponds 
approximately  to  1 dB. 

During  the  comparison  of  sounds  of  different  intensity*  it  is 
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necessary  to  keep  in  aind  that  the  difference  on  10  dB  on  the  levels 
cf  sound  above  60  dB  is  absorbed  by  anditaon  approxiaately  as  double 
difference  on  voluae. 

Frequency  - the  nuaber  of  oscillation/vibrations  in  of  seconds, 
is  expressed  in  hertzes.  Interval  into  one  octave  corresponds  to 
frequency  doubling.  Practical  interest  for  applied  acoustics  have 
seven  octaves  froa  32  to  4096  Hz  (froa  32  to  64  Hz;  froa  64  to  128  Hz 
and  so  forth) . the  greatest  role  in  this  range  have  frequencies  froa 
100  to  3200  Hz.  This  is  explained  to  the  facts  that  the  sensitivity 
of  the  hearing  aid  of  nan  at  not  very  large  sound  intensities  is  low 
at  frequencies  to  100  Hz  and  it  is  great  at  frequencies  1500-2000  Hz. 


For  piston  engines  fundaaental  frequency  can  be  calculated  by 
the  fornula 


• 60 


(38) 


Key:  ( 1)  . Hz. 


where  n,  is  a speed  of  the  crankshaft  per  ainute;  i - the  nuaber  of 
jugs;  n2  - speed,  which  are  necessary  to  one  working  course 
(cycle/stroke)  . 

respectively  for  gas  turbines  fundaaental  frequency  will  coapose 


f n i 1 1 ' 
u--»  “>■ 


(39) 
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Key:  (1).  Hz. 


where  n is  a speed  of  the  shaft  of  turbine  (compressor  per  minute; 
- the  number  of  blades  of  turbine  (compressor) . 


i 


However,  it  is  necessary  to  keep  in  mind  that  for  these 
fundamental  frequencies  will  be  superimposed  other,  irregular 
frequencies  whose  origin  is  caused  by  the  turbulent  eddy-like  flow  of 
waste  gases,  through  the  gas-bleeding  channel  at  high  speeds. 
Therefore  the  noise  spectra  of  these  engines  will  consist  also  of 
other  frequencies. 

Page  1 18. 


§3.  Methods  of  the  smothering  of  noise. 


Special  measures  for  noise  reduction  cn  experimental  stations 
and  laboratories  during  the  provision  for  the  tolerance  levels  beyond 
the  limits  of  sanitary-shielding  zone  are  reduced  to  the  solution  of 
the  following  basic  problems: 

1.  Noise  reduction  indoor  of  the  testing  units  way  reducing  of 


L 


of  internal  surfaces  of  building  with  sound-absorbings  material.  This 
method  can  be  applied  only  when  the  noise  level,  isolated  by  testing 
units,  is  relatively  small,  since  it  can  ensure  its  reduction/descent 
not  more  than  5-10  dB.  furthermore,  the  effectiveness  of  this  method 
depends  also  on  size/dimensions  and  the  relationship/ratio  of  the 
dimensions  of  the  supressed  location. 

2-  Arrangement/permutation  of  testing  units  in 
isolated/insulated  boxes  vith  device  of  bench  silencers  is  most 
efficient  means  on  reduction/descent  in  noise.  During  operation  of 
such  installations,  the  service  personnel  is  located  in  the 
isolated/insulated  from  noise  cabin/con part me nts  of  control. 

Virtually  this  method  does  not  have  any  limitations  and 
therefore  it  is  suitable  for  all  engines  in  question,  including  those 
that  separate  the  highest  noise  levels. 

3.  Soundproofing  of  adjacent  with  testing  units  locations  for 
providing  in  then  acceptable  noise  levels. 

In  measures  for  a reduction/descent  in  the  noises  at 
experimental  stations,  it  enters: 


a)  determining  the  noise  engine  characteristic  during  its  bench 
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tests; 

b)  the  determination  of  the  naxinua  permissible  values  of  the 
noise  level  outside  building,  of  the  channels,  which  are  iaparted 
with  ataosphere,  in  iaaediate  proximity  of  then,  and  also  in  adjacent 
with  unit  locations; 

c)  the  deternination  of  the  effectiveness  of  silencers  and 
sound-proofing  ability  of  walls,  partition/baffles,  doors  and  windows 
for  isolation/insulation  of  adjacent  locations; 

d)  the  selection  of  the  type  and  diagraa  of  silencers; 

e)  preliainary  hydraulic  design  and  the  deternination  of  basic 
sections  froa  the  channel  of  silencer; 

f)  acoustic  calculation  with  the  selection  of  constructing  the 
sound-deadening  and  sound-proofing  cell/elements  and  the 
deternination  of  their  basic  diaensions; 

g)  the  construction  of  silencers  and  the  refineaent  of  hydraulic 
designs; 


h)  manufacture  and  building  experiaental  model  of  silencer; 


i)  testing  in  nature,  finishing  and  the  correction  of  drawings, 
manufacture  and  building  the  batch  of  silencers. 

The  noise  engine  characteristic  are  determined  by  means  of 
full-scale  measurements,  if  these  data  they  are  absent. 

Page  119. 

Noise  level  are  measured  with  the  aid  of  objective  of  noise  meter 
(Sh-1,  sh-52  and  others),  but  frequency  spectra  and  the  levels  of 
noise  according  to  then  - with  the  aid  of  analyzer  or  audio-noise 
meter  with  fitted  out  to  it  band-pass  filter.  These  measurements  are 
produced  by  their  forces  or  with  the  aid  of  of  noise  metering 
stations.  State  sanitary  inspection  or  other  organizations. 

As  an  example  for  tentative  comparisons  Table  10  gives  given 
data  on  comnon/general/total  noise  level  and  the  frequency  band  of 
some  engines. 


The  maximum  permissible  values  of  noise  level  are  determined 
from  calculation.  During  propagation  by  air,  the  noise  is  lost  to  the 
atmosphere.  Therefore  noise  level  of  the  sound-projecting  section/cut 
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can  be  higher  than  this  is  required  on  the  boundary/interface  of  the 
sanitary-shielding  zone.  The  permissible  conaon/general/total  noise 
level  Ldon  at  the  emitting  section/cut  (outside  building)  of  testing 
unit  after  silencer  can  be  deterained  by  the  formula  of  I.  K. 

Razumova 

Ldon  = 78  + 20  lg  — — A (40) 

VS 


Key:  (1).  dB. 

where  r is  a distance  froa  noise  source  to  the  boundary/interface  of 
the  sanitary-shielding  zone  in  a;  S - the  cross-sectional  area, 
emitting  noise,  in  a2;  A - correction  for  the  number  is  simultaneous 
of  the  working  noise  sources  with  the  different  section/cuts  S in  dB; 
A are  10  lg  n,  where  n - the  number  is  simultaneous  of  working 
installation s. 

The  maximally  permissible  values  of  the  noise  level  in  adjacent 
with  testing  unit  locations  are  accepted  according  to  time /temporary 
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Table  10.  Coaaon/general/total  exemplar y/approxiaate  noise  level  and 
the  frequency  bands  of  the  operation  of  soae  engines  in  iaaediate 
proxiaity  of  thea. 


Key:  (1).  Designation  of  engine.  (2).  Coaaon/ general/total  noise 
level  in  dB.  (3).  Range  of  fundamental  frequencies  in  Hz.  (4). 
Autoaobile  engine  up  to  100  h. p.  in  power  in  work  on  stand  with 
closed  gas  outlet.  (5)  . The  sane,  but  with  the  breakage  of 
gas-discharge  jet  (half-open  and  open  issue).  (6).  Tractor  engine  up 
to  400  h.p.  in  power  in  work  on  stand  with  closed  gas  outlet.  (7). 
The  saae,  with  that  which  was  opened  gas  outlet.  (8).  Transport  type 
gas  turbine  up  to  200  h.p.  in  power  with  that  which  was  opened  gas 
outlet. 


Page  120. 


The  necessary  effectiveness  of  the  silencers  or  other 
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sound-deadening  devices  is  determined  froa  the  foraala 

LtA  — Lycm  Ldon  c)i),  (41) 

Key:  C 1)  • dB. 

where  L ,,  is  effectiveness  of  silencer  or  sound-deadening  devices, 
i.e.,  required  value  of  smothering  in  dB;  L ycm  is  a 
common/general/total  noise  level  emitted  by  unit,  or  the  noise  level 
indoor  of  testing  units  to  smothering  in  dB;  Lam  is  the 
comaon/general/total  acceptable  noise  level  of  the  emitting 
section/cut  or  indoor  of  testing  units  in  dB. 

The  value  of  the  soundproofing  of  walls,  partition/baffles, 
windows,  doors  and  other  is  defined  as  difference  between  the  noise 
level  indoor  of  testing  units  and  the  tolerance  level  in  adjacent 
with  it  locations,  from  the  foraala,  similar  preceding/previous, 

Ump=Lycm-Ldond6^  (42) 

Key:  (1).  dB. 

where  U mp  is  the  required  average/aean  sound-proofing  ability  of 
the  enclosing  construction  in  question. 

Types  and  the  diagrams  of  silencers  in  each  specific  case  are 
selected  optimum  both  from  the  viewpoint  of  the  possibility  of  using 
of  available  material  and  location  of  silencer  and  minimum  capital 
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investments.  Separate  recommendations  according  to  types  and  diagrams 
of  silencers  are  given  below. 

Preliminary  hydraulic  design  consists  in  the  determination  of 
the  necessary  section/cuts  from  the  channel  of  silencer.  These 
section/cuts  will  be  determined  by  the  flow  rates  of  waste  gas  or  its 
mixtures  with  air  and  the  taken  speeds  of  flow.  Data  on  allowable 
speeds  for  separate  materials  and  silencers  are  given  below. 

The  acoustic  calculations,  convenient  for  a practical  use  during 
the  calculation  of  some  silencers  still  created  at  present. 
Theoretical  calculations  require  special  knowledge,  are  complex, 
cumbersome,  and  not  always  give  precise  results  mainly  due  to  the 
absentee  of  many  initial  data,  required  for  such  calculations. 

However,  in  a number  of  cases  by  acoustic  calculations,  although  and 
approximately,  it  is  possible  to  base  the  basic  dimensions  of  the 
sound-deadening  and  sound-proofing  devices. 


§4.  Sound- absorbings  material. 


the  materials,  which  possess  the  ability  to  actively  absorb  the 


incident  on  then  from  without  acoustic  waves,  they  are  called 


(f'VT 


sound-absorbings  aaterial.  They  include  the  porous  aaterials  in  pores 
of  which  acoustic  waves  cause  oscillations  of  air,  and  therefore  as  a 
result  of  internal  friction  the  sound  energy  of  oscillations 
partially  is  converted  into  thernal. 

The  affectiveness  of  the  absorbing  properties  of  such  aaterials 
is  characterized  by  the  coefficient  of  sound  absorption  a.  By  this 
coefficient  they  iaply  quotient  of  the  division  of  the  sound  energy, 
absorbed  aaterials,  into  the  sound  energy*  falling/incident  to  the 
surface  of  this  material. 

Pa  ge  121. 

The  coefficient  of  sound  absorption  depends  on  the  properties  of 
aaterial,  on  the  degree  of  porosity,  the  size/diaension  of  pores, 
frequency  of  sound,  thickness  of  aaterial  and  angle  of  incidence  in 
the  sound.  The  majority  of  sound-absorbings  aaterial  has  the  higher 
coefficient  of  the  absorption  on  of  average/nean  and  high  frequencies 
ai*d  certain  decrease  in  it  at  low  frequencies  (below  200  Hz). 

Sound-absorbings  aaterial  are  applied  for  fora  boards  for  the 
purpose  of  noise  reduction  in  separate  locations,  and  also  in  the 
device  of  silencers.  For  the  indicated  target/pur poses  most  effective 


are  fibroporous  aaterials,  which  include  fiberglass,  aineral  wool. 
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departure/ withdrawals  of  kapron  filaaent,  slag  wool,  knock,  oakua, 
etc. 

Purtheraore,  soaetiaes  can  be  also  used  bulk  aaterials,  although 
possessing  the  lower  coefficient  of  sound  absorption,  then  cheaper 
and  are  sore  available,  nore  than  such,  as  punioe  grit,  brick  grit, 
saall  crushed  aetallic  shavings,  and  others. 

Saw  aaterials  go  aainly  to  the  nanufacture  of  sound-absorbing 
panels  or  are  applied  in  the  form  of  packing  in  the  sound- deadening 
cell/elenents  the  second  - both  in  loose  fora  and  in 
granulated-connected  fora,  in  the  fora  of  acoustic  plate/slabs, 
blocks,  etc. 

Fibrous  and  friable  sound-absorbings  aaterial  require  the  use  of 
protective  clothing  in  the  fora  of  glass  cloth,  of  wire  gauze  and 
perforated/punched  sheet  aaterial. 

To  soundproofing  aaterials,  used  ia  the  beach  gas-bleeding 
silencers,  are  presented  following  reguireaents. 

Life  to  the  teaperature  conditions,  accepted  for  the  silencers 
of  the  issue  of  waste  gases.  Construction  of  silencer  as  a whole, 
including  the  sound-absorbing  cell/eleaents,  it  aust  be  aade  froa 
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Life  to  vibrations  and  efflorescence,  that  occur  under  the 
effect  of  air-gas  flow  at  the  taken  for  it  rated  speeds. 


Minimum  hygroscopicity  of  all  used  sound-absorbings  material  and 
the  biological  life  of  the  materials  of  organic  origin. 


In  air- intake  silencers,  through  which  the  air  enters  engines 
for  fuel  combustion,  sound-absorbings  material  must  not  separate 
solid  particles,  dust  and  other  mechanical  impurities. 


When  selecting  sound-absorbings  material,  it  is  necessary  to 
apply  the  materials,  which  possess  the  high  coefficient  of  sound 
absorption,  which  will  make  possible  to  reduce  the  length  of  the 
soand-deadening  cell/elements  and,  consequently,  also  to  entire 
construction  of  silencer. 


Page  122. 


For  the  calculation  of  silencers  and  their  subsequent 
substantiation  Table  11  gives  the  characteristics  of  the  coefficients 
of  the  sound  absorption  of  the  most  commonly  used  materials  both  on 
the  various  frequencies  and  on  comnon/general/total  indices  for  all 


L 


! 
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An  increase  in  the  thickness  of  sound-absorbing  aaterial 
decreases  noise  in  the  range  of  low  frequencies.  The  insufficient 
density  of  the  packing  of  aaterial  in  the  sound-deadening 
cell/eleaents  shrinks  its,  which  produces  a reduction/descent  in 
effectiveness  of  silencer.  The  excessive  density  of  packing  leads 
also  to  a reduction/descent  in  this  effectiveness.  Experiaental  data 
the  practitioner  of  the  operation  of  the  sound-deadening  devices  sake 
it  possible  to  recoaaend  thickness  of  the  layer  to  each  side  froa  75 
to  100  na.  In  this  case  the  density  of  the  packing  of  sound-absorbing 
aaterial,  measured  it  by  specific  weight,  must  be: 


(i  iCTPK.ionaioKiio.  MHHepajibiian  luepcTb.  uuiaKonaa  aaTa  (ah-  nj 

aiweTp  BO/ioKoH  ne  Oo.nee  15 — 20  mk) 150  kiJm*  , 

AiiTHnHpHpoHaHiias  xaonKonan  Tiara 50  k 

W'Otxoam  KanponoBoro  Bo-nonna  .....  100  k e/M*& 

(ilriaK,lH,  OMHmeHlian  OT  tlMAM  H KoCTpbl  120  k!/m3Q' 

(»'rieM30Baa  xpoiuKa  c paiMepaMH  3epen  1,8— 3,5  mm,  npoce- 

HiiHaa  h ytiAOTHemiaa  tia  BHOparope  450  kz'm3 i*' 

l'''KHpmi<niaa  KpouiKa,  npH  Tex  we  pasMepax  3epeH,  npoceHH- 

iiaa  h yn.ioTiieHHad' 1150  ki/m31* 


Key:  (1).  Fiberglass,  aineral  wool,  slag  wool  (diaaeter  of  filaaents 
are  not  aore  than  15-20  ka)  . (2).  kg/a*.  (3).  Antipyrized  cotton 
cotton.  (4).  Departure/withdrawals  of  kapron  filaaent.  (5).  oakum, 
purified  froa  dust  and  bonfires.  (6).  Pumice  grit  of  grains  1.8-3. 5 
na  in  size/dinension,  of  latter  and  condensed  on  vibrator.  (7).  Brick 
grit,  with  the  saae  grain  sizes,  sifted  and  condensed. 


A 
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Table  11.  Value  of  the  coefficient  of  sound  absorption  c f or  soae 
sound-absorbings  Material. 


HaHMCHoBaitiie  MaTepMa^OB 


k\^Ko9^MUHeHT  3ByKonor^omeiiHH  no  mcTOTan 


k 


r 


,i;iKona«  boto  MapKH  «150»  Kpacno- 
npociicHCKoro  komOhihito  CTpoiiMaTe- 
puaaOB.  TOCT  4640-52.  OGbeMHuii 
nee  150  Ka'M3,  mimnnofi  100  mm 
To  we.  c aamiiTiibiM  ot  BHaynamm 
c.’ioeM  cTeK.TOno.TOKiia  to  ACMA\-9 
Toaiumioii  9 mm,  aaKphiTbiM  ctck.io- 
l i TKaiiwo.  06maa  To-'immia  100  mm 
^-CTeK.IOBO.IOKMO  025  MK  B n.iacTHHMa- 
^ Tbix  nail  oG.nmoBonibix  r.iyiuiiTe.ijix 
UTxo.ibi  KanponoBoro  Bo.ionna  b n.iac- 
TmmaTbix  h.ih  oC.nmoBomibix  aae- 

s)  MeiiTax  r.iymiiTe.ieii 

1 ATpoiiTe.ibiiaa  non.™  b n.iacTHiiiaTbix 
h.ih  oO.nmonomiux  s.ieMeiiTax  r.iy- 

~A  uiiiTe.ieii 

AiiTiimipiipoBain/aa  bat  a b n.iacTmnia- 
; Tbix  h.ih  oO.nmono'iHbix  a.icMCHTax 

k A r.iyuiHTe.ieii 

j KiipmiHHaq  kpouikb  b n.iacruimaTux 


ft 


H.IH  oO.IHHOBO'/HbIX  3JIPMCIIT.1X  JYJV - 
uiiiTe.ieft  . . 


I0G 

212 

425 

850 

1700 

3400 

6800 

J n 

* o t- 

E o 
3*  c 

CL  O re 

Ub" 

0,37 

0,76 

0,90 

0,91 

0,90 

0,88 

0,80 

0,78 

0,22 

0,63 

0,85 

oso 

0,86 

0,80 

0,72 

0,71 

0.24 

0,44 

0,55 

0,5  8 

0,60 

0,50 

0,45 

0,48 

0,26 

0.44 

0,52 

0,57 

0,60 

0,50 

0,45 

0.48 

0,36 

0,61 

0.82 

0,87 

0,90 

0,78 

0,60 

0.70 

0.22 

0,48 

0.49 

0,52 

0,55 

0,45 

0,40 

0,44 

0.31 

0,50 

0.63 

0,67 

0,65 

0,65 

0,65 

0,58 

Key:  (1).  Coefficient  of  sound  absorption  in  frequencies.  (2). 
Designation  of  materials.  (3).  Average/mean  in  all  frequencies.  (4). 
Slag  wool  of  the  aark/brand  "150"  of  Krasnopresnenskiy  of  the  coabine 
of  construction  materials.  GOST  4640-52.  Specific  weight  150  kg/m3, 
by  thickness  of  100  mm.  (5).  The  sane,  with  a shielding  froa  blowing 
layer  of  fiberglass  of  asia-9  with  a thickness  of  9 aa,  closed  by 
glass  cloth.  General  thickness  100  aa.  (6).  Fiberglass  25  p in 
lamellar  or  facing  silencers.  (7).  the  departure/withdrawals  of 
kapron  filaaent  in  the  laaellar  or  facing  cell/elenents  of  silencers. 
(8).  Construction  oakua  in  the  laaellar  or  facing  cell/ele aents  of 


DOC  = 77233309 


P»GE  jtfj 


silencers.  (9).  antipyrized  cotton  in  the  lamellar  or  facing 
cell/elements  of  silencers.  (10).  Brick  grit  in  lanellar  or  facing 
the  cell/elenent  of  silencers. 

Page  123. 


For  inparting  to  the  sound- deadening  cell/elenents  by  that  necessary 
forms,  and  also  for  the  prevention/warning  of  sound-absorbings 
naterial  fron  blowing  are  applied  different  protective  clothing. 

Basic  reguirenent  for  these  shells  consists  in  the  fact  that  they 
■ust  have  numerous,  evenly  arrange/located  over  the  surface  of  hole 
for  the  pass  of  acoustic  waves.  In  this  case,  to  favorably  have  the 
larger  possible  number  of  eyelets,  the  total  area  of  holes  with  their 
diameter  from  2 to  3 mm  must  comprise  not  less  than  20o/o  entire 
surface  of  shell.  With  an  increase  in  the  diameter  of  holes  from  3 to 
5 mm,  their  total  area  must  be  not  less  than  35c/o. 

As  protective  clothing  can  be  used  for  gas-discharge  silencers 
metallic  perforated  sheet  or  metallic  fine  screen  with  cells  1.4  x 
1.4  am  0.6-0. 7 am  in  gauge.  With  thickness  of  sheet  not  more  than  1.2 
mm  in  it  can  be  obtained  the  holes  by  gap  on  press  by  the 
corresponding  set  of  the  punch/aale  dies  with  a diameter  of  3.0  mm 
with  the  space  of  perforation  4.5-5. 0 am.  For  more  light-gauge  sheets 
the  diameter  of  holes  it  can  be  obtained  by  this  method  to  2 an. 
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Perforated  sheets  can  be  applied  for  all  fibrous  sound-absorbings 
material,  except  friable.  Depending  on  the  temperature  conditions  of 
gas-discharge  silencer,  the  wire  gauze  can  be  applied  both  of  the 
heat-resistant  and  made  of  simple  steel. 


During  application/use  for  these  silencers  of  fiberglass, 
mineral  wool  or  slag  wool  between  the  perforation  plate  or  the  grid 
and  sound- absorbing  material  must  be  packed  the  glass  cloth,  which 
prevents  filament  fron  blowing  their  gas  flow. 

For  air-intake  silencers,  and  also  for  the  facing 
sound-absorbing  panels  as  protective  clothing,  besides  those  who  were 
indicated,  can  be  used  perforated/punched  shells  of  polyvinyl 
chloride  plastic  or  vinyl  chloride  sheet  aaterial  or  fron  other  sheet 
materials  (plywood,  fiber  so  forth). 

All  the  enumerated  protective  clothing  with  the  observance  of 
the  size/dimensions  of  perforation  and  mesh  are  not  virtually 
decreased  the  coefficient  of  sound  absorption.  The  thickness  of 
perforated  sheet  also  does  not  affect  the  effectiveness  of  sound 
absorption . 


For  the  air-intake  silencers,  working  with  normal  atmospheric 
conditions,  most  frequently  apply  such  sound-absorbings  material  both 
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the  construction  oakui,  departure/withdrawals  of  flaxen  filanent, 
aqtipyrized  cotton  cotton,  the  departure/withdrawals  of  kapron 
filanent,  etc.  Such  materials,  which  have  stronger  and  longer 
filanent,  do  not  reguire  the  use  of  the  additional  cotton  or 
glass-woven  packing  and  are  packed  directly  under  perforated  sheet  or 
grid. 

For  the  purpose  of  the  savings  of  expensive  or  scarcer 
sound-absorbings  aaterial,  their  packing  in  panel  or  the 
sound-deadening  cell/eleaents  can  be  produced  into  two  layers. 

Page  124. 

The  layer,  which  adjoins  the  protective  clothing,  is  fulfilled  froa 
better-guality  material,  remaining  sound  absorber  is  applied  cheaper, 
for  exaaple,  slag  wool  or  aineral  wool  with  a thickness  of  70-80  na 

► 

and  skin  froa  the  fiberglass  with  a thickness  of  30-20  an.  Can  be 
also  proposed  other  conbinations. 

This  two-layer  packing  of  sound-absorbing  aaterial  in  soae  cases 
can  give  the  essential  savings  of  aoney  resources  without  a 
reduct  ion/descent  in  the  coefficient  of  sound  absorption  or  under 

i 

very  insignificant  difference  and  the  effect  of  noise  suppression. 
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The  noaenclature  of  sound-absorbings  material  can  be 
considerably  expanded  because  of  the  use  of  the  local  fibrous  and 
porous  materials,  including  wastes  of  industrial  or  agricultural 
prod  uction. 


§5.  Diagrams  and  the  constructions  of  the  sound-deadening  devices. 


1.  Reduction/descent  in  the  noise  by  the  sound-absorbing  facing. 


Rith  the  arr&ngenent  of  testing  units  in  common/gener al/total 
hall  in  the  presence  in  then  of  closed  gas  bleeder  and  on  low  noise 
level,  is  soaetiaes  possible  to  lover  the  noise  indoors  to  the 
aaxiaua  permissible  values.  This  can  be  reached  by  processing  the 
internal  surface  of  walls  and  ceiling  overlaps  by  sound-absorbing 
panels.  In  this  case,  a reduction/descent  in  the  noise  is  achieved 
because  of  shortening  in  the  reverberation  tiae,  as  a result  of  the 
active  absorption  of  the  acoustic  waves,  falling/incident  to  the 
internal  surface  of  the  supressed  location. 

For  this,  all  the  free  froa  glazing  surfaces  of  walls  and 
ceiling  overlaps  are  cover/coated  with  sound-absorbing  panels 
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(panels)  . In  construction  they  are  similar  to  the  laaellar 
cell/elements  of  silencers,  used  for  the  intake  air-inlet  devices 
whose  description  is  given  below.  These  facing,  sound-absorbing 
panels  differ  from  the  laaellar  the  fact  that  they  are  manufactured 
one-sided  with  a thickness  of  100  aa. 

The  total  surface  of  the  coating  of  the  sound-absorbing  facing 
must  Comprise  not  less  than  50-60o/o  entire  internal  surface  of 
noiseproofed  rooa.  The  facing  can  give  overall  noise  reduction  on 
5-10  dB  and  to  larger  degree  in  high  frequencies.  It  should  be  noted 
that  this  reduction/descent  in  the  noise  composes  the  very 
perceptible  value  which  is  subjectively  absorbed  by  audition  as 
reduction/descent  in  the  volume  respectively  to  30-50o/o. 

The  advisability  of  the  application/use  of  the  sound- absorbing 
facing  is  limited  to  determined  by  the  conditions  given  in  [11]. 

On  the  basis  of  practical  data,  it  is  considered  that  the 
application/use  of  the  sound-absorbing  facing  makes  sense  in  the 
cases,  if  they  make  it  possible  to  decrease  the  reverberation  time 
(minimum  to  three  fourths  of  its  initial  value),  in  locations  whose 
height  is  it  is  not  more  than  3 m. 


J 
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In  higher  locations  with  the  observance  of  the  conditions  when  the 
total  volume  of  location  aust  not  exceed  300-  5000  a3,  or  the  location 
is  aust  have  the  fora  of  the  corridor  in  which  cne  of  the  linear 
dimensions  of  location  it  oust  be  comparatively  great  with  respect  to 
two  to  others. 

In  the  majority  of  cases  of  practitioner,  it  confirms  these 
recommendations,  and  they  can  serve  as  base/root  when  selecting  the 
methods  of  the  smothering  of  noises  at  experimental  stations.  In  the 
locations,  which  do  not  satisfy  the  given  conditions,  certain 
reduct  ion/ descent  in  the  noise  can  be  reached  also  because  of  the 
setting  of  the  sound-absorbing  panels  directly  of  stands,  as  this  is 
shown  in  Fig.  28. 

Xn  this  case  the  effectiveness  of  a reduction/descent  in  the 
noise  will  depend  on  how  fully  and  will  be  thoroughly  shielded  by  the 
sound-absorbing  panels  each  stand. 

Sometimes  for  partial  protection  from  noise,  can  be  used  the 


fenced  off  from  comaon/general/tot al  location  soundproofed 
cabin/compartments  of  control.  Such  cabin/compartaents  will  be 
advisable  only  in  such  a case,  when  tests  will  be  prolonged,  and  the 
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stay  of  the  service  personnel  of  stand  short- tern. 

For  lowering  in  the  noise  level  in  outer  zone  in  area  of  the 
arrangement  of  the  experimental  station  of  the  systea  of  gas  bleeder 
they  anst  have  silencers,  possible  diagrams  and  constructions  of 
which  are  examined  below. 

With  the  arrangement  of  testing  units  in  separate  boxes#  the 
solution  of  the  problems  of  noise  suppression  consists  in  the 
equipment  of  the  air-inlet  and  gas-bleeding  channels,  which  impart 
box  with  the  surrounding  atmosphere  by  silencers  with  the  necessary 
level  of  silencing,  and  in  the  provision  for  the  required 
soundproofing  of  adjacent  with  boxes  locations.  A reduction/descent 
in  the  noise  in  air-inlet  and  gas-lead  channels  or  air-gas  pipes  is 
achieved  by  placing  in  them  different  sound  absorbers  or  acoustic 
filters,  and  also  in  their  combination  in  the  form  of  combined 
dampers. 


2.  Silencers  with  the  absorption  pf  noises. 


In  connection  with  experimental  stations  from  different  methods 


of  silencing  of  noises  greatest  application/use  find  lamellar  and 
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cylindrical  sound  absorbers  or  the  tubular  constructions  of  the 
silencers  whose  diagrams  are  given  in  Pig.  33,  35  and  36. 

Silencers  with  lamellar  sound  absorbers.  Such  silencers  (see 
Fig.  33)  they  consist  of  the  sound-absorbing  panels  (panels),  in 
parallel  installed  in  channel  or  air  duct'.  The  distance  between 
panels  is  accepted  according  to  acoustic  and  hydraulic  designs  and  it 
is  usually  200-400  mm  (in  world/light) . The  thickness  of  each  such 
panel  must  be  within  limits  180-200  mm,  which  is  dictated  by  the  need 
for  the  absorption  of  low  frequencies.  The  fora  of  air-intake  channel 
does  not  in  effect  affect  the  effectiveness  of  damping  and  it  is 
accepted  according  to  design  considerations. 
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Fig.  33.  The  diagrams  of  silencers  with  the  laaellar  sound  absorbers 
a)  vertical  muffler  on  the  procedure  of  air;  1 - silo;  2 - laaellar 
sound  absorber;  3 - two  sections  of  laaellar  sound  absorbers, 
establish/installed  in  checkered  order;  b)  horizontal  nuffler  on 
ai r-proced ure;  1 * tangential  channel;  2 - two  sections  of  laaellar 

sound  absorbers;  3 - louvered  grate;  4 - laaellar  sound  absorber;  c) 

horizontal  muffler  on  the  gas  bleeder:  1 - ejection  p<pe;  2 - 
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leveling  grate;  3 - tangential  channel;  4 - two  sections  of  lamellar 
sound  absorbers;  d)  vertical  muffler  on  the  gas  bleeder:  1 - ejection 
pipe;  2 - silo;  3 - section  of  lamellar  sound  absorbers;  4 - 
shielding  canopy;  5 - cap/hood  of  canopy  with  the  coating  of  lover 
plane  with  the  sound-absorbing  facing;  e)  the  lamellar  sound 
absorber:  1 - f ramework/body  of  panel;  2 - perforated  sheet  or  steel 
aesh;  3 - protective  clothing  (glass  cloth)  ; 4 - sound-absorbing 
filler;  f)  lamellar  facing  sound  absorber  (one-sided). 


Page  127. 

In  particular  for  laaellar  sound  absorbers,  on  the  basis  of 
conveniences  and  the  uniformity  of  the  aanufacture  of  panels,  the 
cross  section  of  channel  to  conveniently  have  square  or  rectangular 
fora. 


In  the  zone  of  the  unit  of  sound  absorbers  the  clear  opening  of 
channel  or  air-gas  pipe  decreases  because  of  its  blanket  by  the 
sound-absorbing  panels.  Hith  the  indicated  distances  between  the 
silencers  of  this  blanket  is  approximately  50-25o/o  of  total  cross 
section.  The  necessary  dimensions  and  the  section/cuts  of  channels 
are  determined  by  calculations  indicated  above.  The  average  speed  of 
air  intake  or  air-gas  flow  in  the  zone  of  silencer  is  accepted 
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depending  on  the  pernissible  hydraulic  resistance  and  the  life  of  the 
sound-absorbing  constructions  to  efflorescence.  The  practice  of  the 
prolonged  operation  of  siailar  silencers  showed  that  these  speeds  for 
the  described  below  constructions  and  materials  can  be  accepted  for 
air-inlet  systems  to  25  m/s  and  gas-bleeding  to  50  m/s. 


The  construction  of  channel  or  air-gas  pipe  can  be  made  from  any 
building  materials,  which  age/hold  the  temperature  conditions  cf 
air-gas  flow.  In  the  case  of  applying  the  metal  constructions  made  of 
sheet  steel,  it  is  necessary  to  provide  for  the  internal  or  external 
sound-proofing  facing.  In  this  case  to  more  expedient  utilize  the 
internal  facing  which  will  appear  as  the  sound-absorbing 
construction,  so  also  by  the  sound-proofing  protection  (see  Fig.  36). 
Structurally  this  facing  must  be  carried  out  analogously  with  the 
sound-absorbing  panels  and  has  thickness  100  am.  Air-intake  channels 
and  air-gas  pipes  can  occupy  different  position  relative  to  building 
and  to  be  furnished  vertically  or  it  is  horizontal.  Are  most  common 
aqd  more  convenient  vertical  silencers  as  occupying  smaller  area  in 
territory  near  experimental  station. 

Installation  and  fastening  silencers  is  produced  on 


supporting/reference  foundations,  holes  within  walls  for  the  pass  of 
ejection  pipes  must  have  elastic  stuff ing-boxs  seal  for  providing  the 
linear  displacements  of  these  tubes  during  heating.  For  this  purpose 
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■ust  be  used  theca ores istant  packing/seals  of  asbestos  or  fiberglass. 

I- 

For  the  protection  of  silencers  and  structures  froa  ataospheric 
residue/settlings  the  vertically  arranged  shaft/aiaea  and  the  tube  of 
air-inlet  and  gas- bleeding  systeas,  aust  be  shielded  by  canopies. 

Sone  standard  diagraas  of  these  canopies  are  shown  in  Fig.  34  One  Of 
aost  suitable  is  canopy  (Fig.  34a).  It  is  siaple  in  aanufactere,  it 

W 

possesses  snail  hydraulic  resistance  and  it  directs  well  waste  gases 
upward.  For  an  increase  in  the  effectiveness  of  the  saothering  of 
noise*  the  lower  side  of  cone  of  protection  is  cover/coated  with 
sound-absorbing  aaterial. 


DOC  - 77233310 


PAGE 


Page  128. 

Silencers  vith  sound-absorbing  material  encompass  frequency  band 
on  entire  spectrum  of  the  noise  engine  characteristics.  Such 
silencers  more  active  absorb  the  noise  of  the  high  and  medium 
frequencies  whose  level  is  predominating,  and  therefore  they  are  most 
general-purpose.  In  comparison  with  other  silencers  by  such,  for 
example,  as  chanbar,  these  silencers  possess  very  insignificant 
hydraulic  resistance.  The  value  of  the  silencing  of  the  types  of 
silencers  in  question  depends  on  three  basic  parameters:  from  the 
coefficient  of  the  sound  absorption  of  the  used  materials;  fron  the 
relationship/ratio  of  the  perimeter  of  the  section/cut  of  the  unit 
cell,  covered  with  sound-absorbing  aaterial,  to  the  area  of  this  cell 
and  fron  the  length  of  silencer. 

Smothering  in  decibels  1 linear  a.  of  the  length  of  silencer  is 
determined  from  the  formula  of  A.  I.  Belov. 

AL=fe-aydB,  (43) 

where  AL  is  smothering  1 lin.  n.  of  the  length  of  silencer  in  dB; 


r 
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k - proportionality  factor;  for  the  constructions  in  question  it 
is  possible  to  accept  k = 1.10-1.30; 

a - the  coefficient  of  the  sound  absorption  of  the  aaterial, 
used  as  sound  absorber;  the  value  of  this  coefficient  is  accepted 
according  to  handbooks;  for  the  aost  widely  used  aaterials  of  its 
value,  are  given  in  Table  11; 

P - the  periaeter  of  the  surface  of  the  coatings  with 
sound-absorbing  aaterial  on  the  section/cut  of  the  unit  cell  of 
silencer  in  m; 

S - the  area  of  the  unit  cell  of  silencer.  United  by  periaeter 
P and  by  the  untreated  surfaces  of  cell  in  a2. 

For  deteraining  coanon/general/total  froa  all  frequencies 
saothering,  it  is  possible  with  sufficient  for  practical 
accuracy /precision  to  use  the  average  coefficient  of  sound  absorption 
a.  If  necessary  for  aore  precise  calculation  of  the  sane,  it  is 
produced  on  each  octave  band  separately  with  the  subsequent  acoustic 
sunaation. 


r 
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Pig.  34.  Diagrams  of  canopies  to  vertical  silencers;  a)  tent  or 
conical  roofing  for  air-intake  shaft/nines  and  tabes;  b)  tent  roofing 
vith  additional  shielding  blades;  c)  plate  canopy  for  gas-bleeding 
shaft/nines  aad  tubes,  on  periaeter  of  shaft/aine  shell  has  holes  for 
run  off;  d)  canopy  vith  director  cone  for  gas-bleeding  shaft/aines. 


Page  129. 


The  overall  length  of  the  active  part  of  the  silencer, 
sound-absorbing  panels  or  sound-absorbing  facing  is  defined  as 
guotient  of  the  division  of  the  coaaon/general/total,  required  level 
of  saothering,  into  the  saothering  1 lin.  a.,  obtained  fro*  fornula 

(93)  - 


Silencers  vith  cylindrical  sound  absorbers.  Cylindrical  sound 
absorbers,  just  as  laaellar,  are  applied  for  the  relatively  large 
cross  sections  of  the  air-intake  and  gas-bleeding  channels  and 
shaft/aines,  intended  for  the  large  flov  rates  of  air  or  gas-air 
aixture.  An  eleaentary  conponent/link  of  this  type  of  silencer  is  the 
cylinder,  aanufactured  froa  steel  aesh  or  froa  perforated/punched 
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sheet  steel  and  filled  by  sound-absorbing  naterial.  The  framework  of 
cylinder  is  the  rod,  manufactured  from  reinforcing  rod  steel  and 
which  concludes  according  to  ends  with  hooks  for  a suspension.  Prom 
end/faces  the  cylinder  is  closed  by  the  cap/hoods,  manufactured  from 
roofing  iron. 

Por  decrease  in  the  hydraulic  resistance  tc  cap/hoods  is  given 
conical  form. 


The  general  view  of  cylindrical  sound  absorber  and  the  diagram 
of  their  layout  in  silencer  are  shown  in  Fig.  35. 

Wide  operating  experience  showed  that  the  cylindrical  sound 
absorbers  more  reliable  and  long  work  under  conditions  of  vertical 
they  work  under  conditions  of  vertical  suspension;  however,  they 
cannot  be  operated  in  horizontal  position  for  the  device  of 
horizontal  silencers.  In  this  case  they  must  be  made  made  of  sheet 
perforated/punched  steel  with  a thickness  of  1.1-1. 3 an  by  both  the 
by  possessing  larger  rigidity,  and  are  filled  by  the  light/lung 
sound-absorbing  filler  in  the  form  of  glass-portage  or  mineral  wool. 

In  comparison  with  lamellar  cylindrical  sound  absorbers  as  a 


result  of  different  geometric  forms  have  better  relationship/ratio  of 
the  perimeter  of  cell  to  its  area,  they  reguire  the  smaller  blanket 
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clear  opening  and  saaller  consumption  of  sound— absorbings 
material.  Therefore  they  are  more  effective  lamellar. 


Fig.  35.  Diagras  of  silencer  with  cylindrical  sound  absorber:  a) 
arrangement  of  cylindrical  sound  absorbers  in  uptake;  1 - external 
sound-proofing  facing;  2 - metal  tube;  3 - beam  for  suspension  of 
sound  absorbers;  4 - section  of  two  series  of  cylindrical  sound 
absorbers;  b)  general  view  of  cylindrical  sound  absorber;  1 - rod 
with  hooks;  2 - cylinder  end;  3 - sound-absorbing  filler;  4 - 
perforated  sheet  or  steel  mesh;  5 - cap/cover-fairing. 
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It  is  establish/installed  that  the  optimum  diameter  of  cylindrical 
sound  absorber  is  200  mm,  and  the  most  rational  space  of  their 
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arrangement  in  plan/layout  along  the  axes  of  cylinders  is  from  250  x 
250  to  350  x 350  mm. 

The  procedure  of  calculation  of  smothering  by  cylindrical  sound 
absorbers  is  similar  lamellar  and  is  produced  by  the  same  formula 
(43). 

Tubular  silencers  find  wide  application  because  of  simplicity  of 
their  construction.  Simplest  of  them  those  that  do  not  have  the 
internal  separating  baffle  boards.  Such  silencers,  shown  in  Fig.  36, 
consist  of  the  metal  tube,  which  is  the  power  framework  of  entire 
silencer,  and  the  internal  sound-absorbing  facing  with  a thickness  of 
100  m a.  On  this  diagram  these  silencers  can  successfully  operate  with 
the  diameter  of  tube  to  1 m with  useful  bore  to  0.8  m. 

With  these  size/dimensions  the  ratio  of  perimeter  to  area  over 
the  section/cut  of  tube  is  approximately  5.  With  a further  increase 
in  the  diameter  of  tube,  this  sense  rapidly  is  decreased,  and 
therefore  the  smothering  of  noise  per  the  unit  of  length  (1  lin.  m.) 
will  be  insignificant.  In  this  case  entire  silencer  will  require  a 
great  increase  in  the  length,  which  will  prove  to  be  irrational. 
Therefore  it  is  necessary  to  approach  obtaining  of  the  higher  values 
of  the  indicated  sense,  which  will  make  possible  to  effectively 
supress  noise  at  the  small  dimensions  of  the  active  part  of  the 


DOC  = 77233310 


PAGE  **-3,0 


Of  tubular  silencers  the  high  values  of  the  ratio  of  perimeter  to 
area  in  the  section/cut  of  silencer  are  achieved  by  the  installation 
of  the  separating,  baffle  boards,  as  this  is  shown  in  Fig.  36  while 
of  laaellar  and  cylindrical  - by  a decrease  in  the  distance  between 
their  sound-absorbing  cell/elements.  On  the  other  hand,  one  should 
not  also  to  approach  an  excessive  decrease  in  these  distances,  since 
this  led  to  decrease  in  the  clear  opening  in  the  zone  of  silencers, 
which  in  final  result  is  led  to  a considerable  increase  in  the 
hydraulic  resistance. 

Manufacture  and  installation.  Sound-absorbing  cell/elements  of 
silencers  to  conveniently  manufacture  the  form  of  panels,  cassettes 
or  cylinders,  and  then  to  install  them  ini  channels  or  tubes.  With 
several  sections  of  silencer  lamellar  and  cylindrical  sound  absorbers 
one  should  establish  in  checkered  order,  i.e.,  panels  or  the 
cylinders  of  one  series  must  be  moved  with  respect  to  another  series. 
This  installation  gives  a considerable  increase  in  the  effectiveness 
of  noise  suppression. 

The  sound-deadening  devices  for  air-intake  channels  work  under 
conditions  of  the  temperature  of  the  surrounding  atmospheric  air. 
Therefore  for  them,  and  also  from  the  viewpoint  of  the  protection  of 
engine  from  blockage,  most  adequate/approaching  will  be 
sound-absorbings  material  of  organic  origin,  such  as  construction 
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oakua,  purified  froa  boon  and  dust,  combings  and  the 
depart ure/ withdrawals  of  flaxen  and  cotton  fiber  or  the 
departure/withdrawals  of  kapron  filaaent.  For  air-intake  silencers 
the  f raaework/bodi es  of  panels  can  be  nade  froa  the  tree,  impregnated 
with  flameproof  compositions.  The  size/dimensions  of  the 
sound-absorbing  panels  should  be  accepted  on  the  basis  of  the 
diaension  of  channel;  however,  for  convenience  of  their  installation, 
one  ought  not  to  make  along  the  length  aore  than  1.5-2  a,  but  the 
width  aore  than  0. 8-1.0  m. 

In  uptakes  or  shaft/mines,  cylindrical  sound  absorbers  are  hung 
to  metallic  beams  for  hooks,  and  they  are  linked  from  below  between 
themselves  by  the  wire  whose  ends  are  fastened  to  lateral  canal 
surface.  Tubular  silencers  to  conveniently  manufacture  in  the  fora  of 
cassettes  or  in  the  form  of  separate  coaponent/links  together  with 
tube.  Fastening  their  separate  coaponent/links  between  theaselves  is 
produced  with  the  aid  of  flange  joints  on  bolts. 

In  the  gas-bleeding  silencers  sound-absorbings  material  and 
their  parts  must  be  flameproof,  capable  of  working  under  conditions 
of  high  teaperature  conditions.  Therefore  all  the  constructions  of 
the  sound- absorbin g cell/elements  of  these  silencers  are  aanufactured 
from  metal.  Of  sound-absorbings  material  for  this  purpose,  is  aost 
appropriate  the  fiberglass  the  diaaeter  of  filaaents  not  aore  than 
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20-25  p,  mineral  wool,  brick  or  punice  grit.  The  first  of  two 
materials  and  to  them  similar  require  the  application/use  of 
additional  protective  clothing,  i.e. , glass  cloth.  Temperature 
conditions  for  these  materials  must  not  be  above  300-350°C,  otherwise 
can  occur  their  fusing.  The  temperature  conditions  of  waste  gases  for 
brick  and  pumice  grit  is  limited  by  the  thermal  strength  of  metal 
constructions.  For  providing  the  prolonged  operation  of  such 
silencers,  it  should  be  accepted  its  above  400-450°C. 

Page  132. 

For  this  grit  one  should  use  mesh  made  of  heat-resistant  steel.  Grit 
with  this  mesh  does  not  reguire  additional  protective  clothing. 

For  testing  units  with  radiation  level  of  noise  120-125  dB  it  is 
higher  on  conduit/manif olds  and  ejection  pipes,  which  connect 
installation  with  silencer,  one  should  provide  for  the  sound-proofing 
facing.  It  to  conveniently  fulfill  outside  tube  in  the  form  of  jacket 
from  fine/thin  steel  plate  with  the  filling  of  interval/gap  (it  is 
not  less  than  60-80  mm)  by  sand  or  packing  of  any  other  thermal 
insulation  material. 


3.  Chamber  silencers 
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Jet/reactive  silencers  or  the  acoustic  filters,  more  frequent 
called  chaaber  silencers,  they  consist  of  the  consecutive  expansion 
chambers,  connected  between  themselves  the  conduit/aanifold  for  the 
pass  of  waste  gases.  The  schematic  diagrams  of  some  types  of  chaaber 
silencers  are  given  in  Fig.  37. 

In  comparison  with  others,  these  silencers  with  expansion 
chambers  create  the  greatest  counterpressure  whose  value  for 
single-chamber  silencers  is  found  within  the  virtually  permissible 
limits.  As  a rule,  single-chamber  silencers  are  applied  under  the 
condition  of  the  need  for  the  smothering  of  snail  range  of 
frequencies  aainly  within  limits  100-600  Hz.  For  the  absorption  of 
other  higher  noise  frequencies,  the  silencer  nust  consist  of  several 
different  in  volume  chambers  or  combine  the  low-frequency  and 
high-frequency  diagrams  of  chamber  silencers..  This  development  of 
silencer  unavoidably  is  led  to  a sharp  increase  in  it  hydraulic  from 
resistances  and,  of  course,  to  loss  of  power  of  tested  engine,  coning 
out  beyond  limits  of  accuracy  of  measurements.  For  decrease  in  the 
resistance,  can  be  applied  the  forced  ejectors  and  exhaust  fans 
which,  however,  raise  in  price  and  complicate  the  operation  of 
testing  units.  Therefore  chamber  silencers,  being  by  its  construction 
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»i«pl«  in  manufacture  and  operation,  they  can  widely  be  applied  when 
certain  power  loss  is  pernissible. 


Fig.  37.  Schematic  diagrans  of  chanber  silencers:  a)  low-frequency: 
b)  high-frequency;  c)  silencer  with  noise-absorfcing  coating  and  with 
chanbers  of  different  length. 


Page  i33. 

Virtually  with  the  conaon  dinensions  of  chanber  silencers,  power  loss 
without  the  forced  res ova 1/taking  of  hydraulic  resistance  comprises 
for  single-chamber  silencers  to  lo/o,  and  for  2-3  chanber  one- type  or 
combined  to  1.5-2o/o.  Such  silencers  are  applied  mainly  during  the 
closed  gas-bleeding  systems  for  testing  or  the  operation  of  piston 
engines. 

Still  finished  at  present  the  procedure  of  acoustic  calculation 
of  chanber  silencers,  it  thus  far  is  still  conplex  and  not  always 
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does  coincide  with 
can  be  carried  oat 
suppression  in  one 

where  L K is  noise 


data,  obtained  in  nature.  Approximate  computations 
by  the  given  below  theoretical  fornula  of  noise 
chaaber 


i.,=  ioiel1  + T(",-ir)’sin’*']  AG>  (44) 

suppression  daring  expansion  in  one  chanber  in  dB; 


a - expansion  ratio  (ratio  of  the  area  of  the  chaaber  of 
expansion  to  the  area  of  intake  pipe) ; 


k - the  frequency  factor  of  the  supressed  sound  and  speed  of 
sound  at  the  given  teaperature  of  gases  h = 2vf/c,  where  f - the 
frequency  of  the  supressed  sound,  deterained  by  formulas  (38)  and 
(39)  ; 


c - the  speed  of  sound  in  this  aediua,  deterained  by  foraula 

(36)  ; 


X is  length  of  expansion  chaaber. 


This  theoretical  foraula  coapletely  satisfactorily  will  agree 
with  data,  obtained  in  nature,  on  the  condition  that  the  diameter  of 
expansion  chaaber  will  be  equal  to  0.8  acoustic  wavelengths  or  is 
less  than  this  value.  According  to  practical  data,  is  recoaaended  the 
degree  of  expansion  the  having  of  within  limits  of  a s.  20-  30.  The 
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introduction  inside  the  chaaber  of  facing  froa  sound-absorbing 
aaterial  leads  to  an  increase  in  the  absorption  of  the  noise  of  high 
frequencies. 


4.  Sound-proofing  constructions. 


To  avoid  noise  transaission  froa  boxes  and  locations  of  testing 
units  into  the  cabin/conpartaents  of  control  and  other  adjacent  with 
then  locations,  one  should  produce  the  soundproofing  of  these 
locations.  Measures  for  soundproofing  are  reduced  to 
isola.t ion/insulation  of  walls  and  partition/baffles  froa  noise 
transaission;  to  the  device  of  the  soundproofed  gates,  doors  and 
windows;  the  soundproofing  of  channels,  conduit/manifolds  and  other 
coaaunications,  which  connect  boxes  and  adjacent  with  thea  locations. 

The  required  value  of  the  sound-proofing  ability  is  deter ained 
by  the  difference  in  the  levels  of  noise  in  box  and  in  the  required 
noise  level  of  adjacent  location.  In  this  case,  as  a rule,  the 
sound-proofing  ability  of  enclosure/protection  aust  be  soaewhat 
higher  than  this  difference. 
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According  to  the  effective  norns  (see  N 101-54,  publication  1958), 
the  average  sound-proofing  ability  of  anechoic  walls, 
partition/baffles  and  other  enclosing  panels  is  deterained  froa  two 
following  foraulas: 

with  weight  1 a2  of  partition/baffle  to  200  kg/a2 

U = 13,5  l^G  + kt  dB;  (45) 

with  the  weight  of  the  a2  of  the  pact ition/baf fie  above  200 

kg/a2 

U = 23  IgC  — 9'  dB,  (46) 

where  0 is  the  sound-proofing  ability  of  partition/baffle  a dB; 

G - weight  1 m2  of  partition/baffle  in  kg. 

Por  connon  walls  and  partition/baffles,  their  soundproofing  is 
deterained  by  the  weight  with  increase  in  which  the  soundproofing  of 
enclosure/ protections  grow/rises. 
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Pig.  38.  General  view  of  construction  of  soundproofed  gates:  1 - 
perforated/punched  steel  plate  or  wire  gauze;  2 - slag  cotton  or 
fiberglass;  3 - layers  of  Ruberoid;  4 - steel  plate;  5 - wooden  bean 
with  rubber  gasket  on  entire  perimeter  of  aperture;  6 - netal  frame 
winch;  7 - knob/stick  lever  with  wedge-shaped  lock;  8 - tie  piece 
cover  for  clamp  of  widths  winch  with  spiral  handwheel. 

Page  135. 
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If  necessary  of  applying  their  more  light/lung  in  weight 
constructions  one  should  Bake  two-layered  with  the  air  gap.  In  this 
case  the  soundproofing  will  be  above  than  single-layer  construction 
with  the  sane  weight. 

Those  who  were  soundproofed  gate,  doors  and  windows  are  arranged 
according  to  this  sane  principle.  Besides  by  aaxiaally  folding  with 
dense  locking.  The  latter  is  achieved  by  the  application/use  of 
elastic  packing/seals  on  the  perineter  of  locking.  Por  providing  the 
dense  clamp  of  gates  or  doors  to  their  sockets  they  equip  with 
wedge-shaped  lever/crank  locks.  Pig.  38,  depicts  the  general  view  of 
the  soundproofed  gates,  door  also  they  are  fulfilled  analogously  with 
the  given  construction.  Such  of  winch  and  doors  should  be  applied  for 
the  testing  units,  arrange/located  in  the  boxes  where  the  noise  level 
exceeds  110-120  dB . Por  an  increase  in  the  soundproofing  of  siailar 
gates  and  doors,  the  internal  surfaces  of  their  fabrics  cover/coat 
with  the  sound-absorbing  facing.  The  soundproofed  observation  windows 
must  have  double  glazing  with  the  air  gap  of  thickness  not  less  than 
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Fig.  39.  General  view  of  construction  of  soandproofed  window  between 
box  and  cabin/conpartaent  of  control:  1 - ring-  frame;  2 - silicate 
or  organic  araor-p iercing  glass;  3 - packing/seal  rubber;  4 - glass 
aore  front/leading  (to  box)  . 


Page  '136. 

On  by  the  considerations  of  soundproofing  and  the  technicians  of 
safety  for  operator's  protection  from  fragments  during  the  possible 
destruction  of  window  froa  the  inpact/shock  of  the  detached  rapidly 
rotating  parts  of  engine  glazing  window  aust  be  armor- piercing  of  the 
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silicate  or  of  organic  glass  not  less  than  40-60  on  in  thickness. 

Sometimes  this  thickness  increases  double  and  nore.  Such  glasses  are 
manufactured  with  the  Soviet  industry  of  sufficiently  large 
size/dimen sions,  and  they  can  successfully  be  applied  for  the 
indicated  target/purposes.  Glasses  are  laid  into  the  rings  of  frame 
with  elastic  rubber  or  plastic  packing/seal  and  with  the  aid  of  loops 
and  bolts  are  fastened  into  the  seats  of  the  window  aperture,  edged 
by  reinforced  concrete  and  wetallic  fraaes.  As  an  example  Fig.  39, 
gives  the  construction  of  the  soundproofed  window.  3f  necessary  for 
the  prevention/warning  of  the  codensate  between  glasses  for 
interval/gap,  is  establish/installed  or  is  screwed  in  the  socket  with 
moisture  absorber,  for  example,  by  silica  gel. 

; 

Large  of  value  for  providing  the  necessary  soundproofing  has 
also  the  careful  framing  of  holes,  slots,  channels  and 
conduit/manifolds,  passing  through  the  box  and  adjacent  with  it 
locations.  Vith  the  necessity  for  channels,  are  establish/installed 
lamellar  or  facing  sound  absorbers,  and  if  is  represented 
possibility,  in  them  are  furnished  passages.  Conduit/manif olds  must 
be  packed  in  the  co Hector /receptacle,  charged  after  the  installation 
of  tubes  by  sand. 
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Chapter  IX. 


LABORATORIES  OF  ENGINES  AND  GAS-DYNAHIC  LABORATORIES. 

§1.  Purpose  and  the  coaposition  of  laboratories. 

The  laboratories  of  engines  and  gas-dynaaic  laboratories  are  the 
conponent  part  of  the  experinental  base  of  design  bureaus  or 
scientific  research  organizations,  working  in  the  region  of  engine 
construction.  These  laboratories  are  intended  for  the  different 
experiaental  and  research  works,  which  consist  in  testing  of 
theoretical  developaents  and  research  on  processes,  which  occur  in 
engine  and  its  aggregate/units.  In  then  is  carried  out  also  the 
functional  test  of  the  constructions  of  separate  units  and  engine  as 
a whole. 

In  then  are  carried  out  the  works,  connected  with  an  increase  of 


the  engine  life,  the  selection  of  new  aaterials,  functional  check  of 
its  under  different  climatic  conditions,  the  tests  of  starters,  by 
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the  selection  of  new  fuel/propellants  and  oils  of  other  testings. 

In  connection  with  piston  internal  coabustion  engines  such 
laboratories  aore  frequently  call  the  laboratories  of  engines,  and 
for  gas  turbines  - gas-dy naaic.  Both  for  the  first  and  for  the  second 
laboratories  equipaent  their  will  sonewhat  differ,  although  in  the 
designation  of  their  departnent/se parations  and  the  direction  of 
works  at  then  has  nuch  that  is  in  conaon. 

The  composition  of  laboratory  - a quantity  of  installations  and 
its  equipment  - will  depend  on  airfoil/profile,  character, 
directivity  and  the  scale  of  the  works  of  design  bureau  or  other 
organizations,  which  are  occupied  by  research  works  on  engines. 

When  selecting  the  type  of  testing  units  and  basic  equipaent, 
one  should  consider  the  possibility  of  the  proaising  development  of 
the  separate  constructions  of  engines.  Therefore  frequently  appears 
the  need  for  the  subsequent  nodernizaticn  and  reconstruction  of  these 
installations. 

Table  12  gives  the  exeaplary/approxi Bate  composition  of  the 
laboratory  of  engines  and  gas-dynamic  laboratory  with  the  indication 
of  their  theaatic  division  and  set  of  basic  testing  units  and  stands. 


% 


f 


r 


DOC  = 77233310 


Page  ‘138. 


PAGE 


3*4 


Table  12.  Exenplary /approximate  coaposition  of  the  laboratory  of 
engines  and  gas-dynaaic  laboratory. 
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Key:  Cl).  Composition  of  basic  testing  us  its  and  maxillary  ser 

(2).  Designation  of  departaent/separatiaes  and  groups.  ( 3)  . Piston 
engines  is  a laboratory  of  engines.  (4).  Gas  turbines  is  a 

qas-dynanic  laboratory.  (5).  Production  depart nent/separat ions  or  tbe 

sections:  (6).  Operating  conditions  of  burning.  (7).  Single-cylinder 
installations.  (8).  settings  up  of  testing  combustion  chaabers.  (9). 
Rotodynanic  machines.  (10).  For  the  engines,  which  have  the 
aggregate/units  of  pressurization/supercharging,  stand  of 
superchargers.  (11).  Stands  of  conpressors,  turbines,  blasting  of 
blades,  grates,  it  puffed.  (12).  Fuel  systems.  (13).  Test  benches  of 
carburetors,  discharging  jets,  of  the  booster  pumps,  filters,  fuel 
injection  engines  of  fuel  pumps,  regulators  and  injectors.  (14).  Test 
benches  of  automatic  fuel  control  aggregate/units,  punps,  injectors, 
regulators.  (15).  Fuel/propellants  and  oils.  (16).  Single-cylinder 
settings  up.  Settings  up  to  evaluate  the  knock  properties  of 
fuel/propellants.  (17).  Eguipnent  and  instruments  for  testing  and 
aqalysis  of  the  physicochemical  properties  of  fuel/propellant,  oils 
and  grease.  (18).  Lubrication  systems.  (19).  Test  benches  of  oil 
punps,  pressure  regulators,  filters.  (20).  Ignition  systems  and 
electrical  equipment.  (21).  Test  benches  of  electric  generators, 
sparkplugs  and  other  electrical  equipment.  (22).  Heat  exchange  and 
coolings.  (23) . Test  benches  of  water  pumps,  radiators  and 
preheaters.  (24).  Test  benches  of  heat  exchangers.  (25). 
Transmissions,  drives  and  starters.  (26).  Test  benches  of  the 
reducers  of  gearboxes  or  hydro-transmissions  and  starters.  (27). 
Automatics  and  controls.  (28).  stands  for  tests  of  the 
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aggregate/units  of  the  systeas  of  autoaatioa,  control  and  blocking. 
(29).  Engine  tests.  (30).  propulsion  test  facility  in  normal  and 
under  artificial  extra-heavy  climatic  conditions.  (31).  Auxiliary 
departaent/separat ions  and  services.  (32).  Preparatory.  (33).  For 
training/preparation  of  separate  aggregate/units  and  engines  as  a 
whole  for  tests.  (34).  Instrument.  (35).  For  calibration, 
training/preparation  and  storage  of  control  gage  instruments.  (36) . 
Shop  mechanics.  (37).  Manufacture  of  small  equipment  and  equipment 
for  installations  and  stands.  (38).  Dy namoelectric  hall.  (39).  For 
the  arrangement/permutation  of  transformative  and  electrical 
distribution  devices.  (40).  Other  services.  (41).  Battery  room,  oil 
room,  storeroom  and  other  services.  (42).  Locations  of  the  technical 
and  service  personnel.  (43).  Everyday  locations. 
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§2.  Tests  of  engine  accessories. 


1.  Stands  of  compressors. 
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These  settings  up  are  intended  for  the  study  of  testing  and 
perforaance  testing  and  calibration  of  the  axial-flow  or  centrifugal 
coapressors  of  gas  turbines.  Since  the  full-scale  coapressors  for 
soae  engines  require  very  large  powers  for  their  drive,  at  these 
settings  up  can  test  the  aodels  of  such  coapressors  or  their  separate 
step/stages,  siailar  tests  make  it  possible  to  considerably  decrease 
the  driving  power  of  setting  up.  The  scheaatic  diagram  of  stand  of 
coapressor  is  given  in  Fig.  40.  The  basic  cell/eleaent  of  setting  up, 
which  determines  its  character,  is  the  type  of  drive.  The  aain 
requirements  which  are  presented  to  drive,  consist  in  the  provision 
for  a broad  band  of  the  control  of  the  rate  of  the  rotation  of 
coapressor  with  the  possibility  of  power  aeasurement.  Fig.  41,  shows 
the  used  types  and  the  diagrams  of  drives.  The  most  convenient  and 
reliable  drive  are  the  special  electric  motors  cf  a series  ATM  with 
the  high-frequency  control  of  the  speed,  obtaing  supply  from  the 
group  of  converters  in  the  fora  of  motor  generators  or  the 
mercury-arc  rectifiers.  These  high-speed  electric  aotors  in  the 
indicated  power-supply  system  permit  implement  ion  of  rpa  control  over 
a wide  range  froa  0 to  15000  r/min.  In  the  majority  of  cases,  this 
makes  it  possible  tc  aanage  without  the  raising  multipliers  during 
direct  drive  from  the  shaft  of  electric  actor  to  the  shaft  of 
coapressor.  If  necessary  for  power  neasureaent,  consumed  by 
coapressor,  the  electric  servomotor  can  be  installed  on  bob  platfora 
whose  possible  diagraas  are  examined  above.  To  shortcomings  in  the 


indicated  type  of  drive,  one  should  relate  the  high  cost/value  of 
converters  and  the  need  for  the  isolation/liberation  of  considerable 

area  for  their  arrangement/ per autation. 


Fig.  40.  Schematic  diagram  of  stand  of  compressor  of  gas  turbine:  1 - 
shaft/nine  of  suction  with  noise  absorption;  2 - aeasured 
collector/receptacle;  3 - throttle/choke  at  entry;  4 - receiver;  5 - 
tested  coapressor;  6 - exhaust  collector/receptacle;  7 * 
throttle /choke  at  outpat/yield;  8 - multiplier  during  bob  suspension; 
9 - bob  machine  of  direct  current. 
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Sometimes  as  the  drive  of  tested  compressor,/  can  be  used  gas 
turbine  or  another  engine.  In  the  first  case  it  will  be  necessary  to 
establish/install  the  conbustion  chamber  for  feeding  of  which  will  be 
necessary  the  coapressed  air,  supplied  froa  coapressor  or  from 
auxiliary  gas  turbine  with  air  bleed.  Proa  drives  of  this  type,  the 
drive  froa  gas  turbine  engine  will  be  in  the  majority  of  cases 
simpler  and  more  convenient  than  drive  from  gas  turbine.  The 
selection  of  the  latter  can  be  dictated  by  the  need  of  obtaining 
heavy-duty  drive  which  cannot  be  obtained  froa  engine.  To 
shortcomings  in  these  drives,  one  should  relate  the  presence  of 
limitations  in  obtaining  of  the  required  power  at  the  different  rate 
of  the  rotation  of  drive  shaft. 

The  remaining  types  of  drives,  possible  to  use,  require  the 
application/use  of  relatively  complex  by  construction  multipliers. 

The  control  of  speed  must  be  produced  with  the  aid  of  converters  in 
the  form  of  motor  generators  or  the  mercury-arc  rectifiers  for  the 
machines  of  direct  current  or  by  the  means  of  hydraulic  coupling 
during  the  use  of  common  electric  motors  of  alternating  current. 
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For  purposes  of  safety  of  work  and  noiseproof in?  of  other 
locations  laboratory  stands  of  compressors  one  should  furnish  in  the 
isolated/insulated  boxes  fron  partition  in  them  isolated/insulated 
cabin/compartaent  of  control. 

During  testing  of  high-speed  compressors  with  the  speed  of  the 
rotation  of  ball  of  lore  than  10000  r/ain,  power  in  the  drive  of  aore 
than  1000-1500  fc.  s.,  the  air  ducts  or  the  shaft/nines  of  sampling 
and  ejection  of  air  are  subject  to  equipment  by  the  sound- deadening 
devices.  Electric  drives  of  the  type  ATM  with  power  of  180  0 kti  and 
above  and  other  powerful  electric  motors,  and  also  the  tra nsf oraabive 
aotor  generators  require  the  device  of  basement  in  area  of  their 
arrangement  for  the  arrangement/permutation  of  the  ventilation 
installations  of  cooling. 
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Pig.  41.  Diagrams  of  drives  of  compressor  at  testing  units:  a)  two 
machines  of  direct  current  with  multiplier  of  speed, 
establish/installed  on  balance  suspension  or  platform;  b) 
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high-frequency  electric  aotor  of  series  ATH  on  bob  platform,  c) 
synchronous  electric  aotor,  hydraulic  coupling  and  aultiplier;  d)  gas 
tu'^ine;  e)  gas  turbine  with  feeding  froa  bench  coabustion  chaaber 
and  with  supply  of  coa pressed  air  froa  industrial  coapressor. 

Page  141. 

For  the  purpose  of  shortening  of  conductive  nains  and  decrease  in  the 
losses  of  electric  power,  the  dyna Bioelectric  hall  of  converters  or 
the  location  of  the  mercury-arc  rectifiers  one  should  furnish  as  far 
as  possible  nearer  to  the  units  of  testing  the  compressors  and  other 
large  adjustable  drives. 

Control  panel  is  equipped  by  starting  systems,  control  and 
controls  of  unit,  and  also  the  aonitor ing-aeasuring  equipment,  which 
allow  depending  on  the  velocity  of  rotation  and  power  input  to 
determine  pressures  and  temperatures  of  air  according  to  the  channel 
of  coapressor,  but  productivity  - according  to  consumption  and 
pressure. 


2.  Stands  of  turbines 


These  units  are  intended  for  full-scale  tests  and  perforaance 
testing  and  calibration  of  the  gas  turbines  of  the  improved  or  new 
constructions.  Here  the  products  of  burning  into  turbine  enter  from 
bench  combustion  chamber,  where  is  fed  the  compressed  air  from 
compressor  station.  After  the  expansion  of  combustion  products  in 
turbine,  waste  gases  through  exhaust  nozzle  head  directly  or  through 
recuperators  for  the  gas-bleeding  system  of  unit.  The  developed  with 
turbine  power  is  absorbed  by  braking  device  which  is  equipped  with 
the  measuring  system  of  the  torsional  moment. 

The  schematic  diagram  of  setting  is  given  in  Pig.  42.  Since  the 
shaft  of  turbine  is  connected  directly  with  the  shaft  of  braking 
device,  eliminating  the  reduction  of  the  speed,  brake  itself  must  be 
high-speed  and  it  must  be  designed  to  the  appropriate  maximum  rpm  of 
turbine.  Therefore  the  most  adequate/approaching  and  the  only 
possible  the  application/use  types  of  brakes  will  be  the  high-speed 
induction  or  hydraulic  brakes.  The  characteristic  features  of  these 
brakes  are  presented  above,  in  chapter  II. 
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Fig.  42.  Schematic  diagram  stand  gas  turbines:  1 - gas  outlet 
shaft/aine  with  noise  suppression;  2 - ejection  pipe;  3 - 
gas-discharge  tuba;  4 - tested  turbine;  5 - preheater  (combustion 
chamber)  of  high  temperatures;  6 - dynamometer  (weight  head) ; 7 - 
induction  brake;  8 - metering  nozzle;  9 - air  duct  from  compressor; 

10  - preheater  (combustion  chamber)  of  mean  temperatures;  11  - 
stand-support. 

Page  142. 

Stands  of  turbines,  just  as  the  preceding/previous  units,  for 
the  purpose  of  tha  provision  for  safe  worto  and  soundproofing  of  other 
locations  of  laboratory  must  be  furnished  in  insulated  botes  with  the 
fenced  off  cabin/compartment  of  control.  Since  the  noise  level  of 


j 
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j 
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unit  approaches  a noise  level,  isolated  as  by  full-scale  gas  turbine, 
the  gas-bleeding  systen  of  this  unit  is  also  equipped  by  the 
sound-deadening  devices. 

The  control  panel  of  unit  is  equipped  uith  propellant 
utilization  systeis,  renote  ignition  of  nizture  in  the  coabustion 


chanber,  control  of  air-gas  pipes  and  with  the  nonitoring- neasuring 
equipnent,  which  make  it  possible  to  deternine  the  flow  rate  of  air, 
the  speed  of  the  shaft  of  turbine,  the  torsional  moment,  the 
consumption  of  fuel/propellant,  temperature  and  the  air  pressure  and 
gas  according  to  entire  channel  of  unit  and  turbines. 

3.  Stands  of  combustion  chambers. 

0 

At  tu »se  units  can  be  produced  the  wide  circle  of  different 
works,  connected  with  investigation,  finishing  and  experimental 
developments  in  the  field  of  the  adjustment  of  operating  conditions 
of  burning.  At  these  units  is  produced  the  selection  and  testing  the 
new  types  of  fuel/propellants,  injectors,  deflectors  and  different 
constructions  of  combustion  chambers  as  a whole.  Work  of  compressor 
is  here  usually  imitated  by  supply  to  the  unit  of  the  compressed  air 
from  compressor  station  in  the  necessary  quantity  at  the  pressure. 
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which  ensures  its  flow  rate  for  the  complete  coabustion  of 
fuel/propellant  in  the  tested  coabustion  chaaber. 


This  unit,  shown  in  Fig.  43,  consists  of  the  supplying  air  duct 
with  blocking  and  regulating  organ/controls  of  renote  control,  stand 
froa  subjact  chaaber  of  coabustion,  fuel  systen  with  the 
high-pressure  puap  and  gas-bleeding  systen. 


Fig.  43.  Scheaatic  diagram  of  stand  of  coabustion  chambers:  1 - 
gas-bleeding  shaft/aine  with  noiseproofing;  2 - tube-adapter;  3 - 
tested  coabustion  chaaber;  4 - receiver;  5 - air  preheater;  6 - 
aetering  nozzle;  7 - air  duct  froa  con  pressor  station. 
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Depending  on  designation/purpose  and  character  of  testing,  the 
coabustion  chaaber  can  be  both  by  bench  construction  with  its 
appropriate  equipment  for  conducting  of  the  necessary  investigations 
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and  experimental  design,  replaced  on  stand  as  needed.  According  to 
the  presented  considerations  stand  of  con  bast  ion  chambers  oust  be 
furnished  in  separate  box  with  the  isolated/insulated 
cabin/conpartnent  of  control.  Under  the  condition  of  successive  work 
in  one  box,  can  ba  arrange/located  2- 3 units  in  question.  In  this 
case  works  on  training/preparation  for  testing  can  be  produced 
sinultaneously  at  several  anits.  This  fact  although  decreases 
possibilities  and  the  maneuverability  of  installations  however  it 
gives  the  considerable  savings  of  production  area  and  somewhat 
decreases  industrial  and  technological  communications. 

This  position  with  the  possibility  of  the  arrangement  in  one  box 
of  several  test  benches  can  be  common  also  for  all  the  units  examined 
earlier  than  under  the  condition  of  conducting  at  them  of  successive 
tests. 

<r 

The  channel  of  such  installations  is  equipped  by  the  sound -deadening 
devices.  With  the  arrangement  in  the  box  of  several  installations  and 
their  successive  work,  the  gas-bleeding  shaft/mine  for  thase 
installations  can  be  common/general/total.  In  this  case  the  branch 
connections  of  the  gas-bleeding  systems  of  each  unit  must  have 
shutter/va Ives  which  with  the  idleness  of  any  unit  are  closed. 


The  control  of  these  installations  by  analogously 
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preceding/previous  is  realize/acconplished  from  the  control  panel, 
equipped  with  renote  starting  systens,  control  and  feed  controls  of 
air,  fuel/ propellant,  water  and  oils.  Their  nonitoring-nea suring 
equipment  must  determine  the  flow  rate  of  air,  consunption  and  the 
pressure  of  fuel/propellant,  temperature  and  pressure  according  to 
entire  channel  of  combustion  chamber. 

4.  Single-cylinder  and  block  units. 

Adjustment  of  the  thermal  processes,  which  occur  in  the 
cylinders  of  piston  engine,  research  on  injection  operations  of 
fuel/propellant  and  carburetion,  cooling,  lubrication  and  other 
questions,  connected  with  improvement  and  creation  of  the  new 
constructions  of  engines,  can  be  produced  not  on  the  full-scale 
engine  of  experimental  design,  but  at  the  model,  so-called 
single-cylinder  or  block  unit.  The  single-cylinder  unit  whose  general 
view  is  given  in  Fig.  44,  is  single-cylinder  engine,  which  consists 
of  general-purpose  bench  or  special  crankcase  with  the  crankshaft,  to 
which  is  establish/installed  experimental  cylinder  with  connecting 
rod  and  piston  group  of  the  engine  being  investigated.  Crankcase  is 
equipped  with  assemblies  and  the  systems,  which  ensure  distribution 
and  fuel  feed,  ignition,  lubrications  and  engine  coolings. 
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Thus,  in  the  aajority  of  cases  cylinder,  connecting  rod  and  piston 
group,  and  soaetiaes  also  the  crankshaft  are  the  experiaental 
cell/eleaents  of  future  engine;  therefore  they  will  be  the 
interchangeable,  changeable  assemblies.  Crankcase  with  its  systems 
and  assemblies  is,  as  a rule,  by  bench,  stationary  mechanise. 

Single-cylinder  unit,  besides  specific  tests,  makes  it  possible 
to  produce  the  finishing  of  the  new  constructions  of  the  combustion 
chambers  of  cylinder,  pistons,  rings  of  the  wrist  pins  and  other 
parts,  and  also  tasting  new  materials  to  wear  resistance,  resource 
and  other  investigations.  Thus,  single-cylinder  unit  makes  it 
possible  to  considerably  reduce  the  spent  resources  and  tine  for 
finishing  and  testing  of  the  new  constructions  of  the  created 
engines. 

Single-cylinder  units  can  be  both  for  the  engines  of  water  and 
air  cooling.  As  braking  device  in  them,  is  utilized  the  bob  nachine 
of  direct  current,  induction  or  hydraulic  brakes.  Everything  these  of 
brake  must  have  a measuring  system  of  the  torsional  moment.  Bob 
machine  is  the  most  convenient  form  of  brake,  since  it  can  work  not 


DOC  = 77233311 


PAGE 


only  in  generator,  but  also  in  eotoring  and  therefore  it  can  be  used 
for  starting/launching,  warning  up  and  cold  run-testing  of  engine. 
However,  it  should  be  noted  that  the  possibilities  of  its 
application/use  are  liaited  by  the  naxinun  speed  of  rotation,  which 
is  approxinately  4000-5000  r/nin  depending  on  the  type  of  electric 
notor.  If  necessary  of  applying  other  types  of  brakes,  the  unit  nust 
be  additionally  equipped  with  starting/launching  electric  notor. 


DOC  = 77233311 


PAGE 


bob  machine  of  direct  current. 
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Since  testing  single-cylinder  engine  usually  is  carried  out  with 
the  saall  gas-bleeding  branch  connection,  without  gas-discharge 
collector/receptacle,  noise  level  in  work  of  this  engine,  even  low 
power,  reaches  large  values  and  is  approximately  110-120  IB  and  more. 
Therefore  unit  must  be  eguipped  with  the  resources  of  noise 
suppression.  Propulsion  test  facility  of  air  cooling  is  equipped  by 
ventilation  system  by  air,  that  consists  of  the  air  extractor, 
supplying  and  discharge  air  duct.  The  air  flow  rate  for  cooling  of 
tested  block  or  single  cylinder  can  be  determined  by  formula  (3) . 

The  discharge  air  duct  it  is  expedient  to  connect  with  the 
gas-bleeding  system. 

The  power-supply  systems,  control  and  heat-control/check  will  be 
similar  with  the  settings  up  of  testing  full-scale  engines.  Por  the 
purpose  noiseproofing  of  single-cylinder  units  one  should  place  in 
separate  boxes  with  the  fenced  off  cabin/compartment  of  control. 

Block  units  differ  from  the  single-cylinder  the  fact  that 
instead  of  one  cylinder  to  the  appropriate  crankcase  is 
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establish/installed  the  block,  which  consists  of  the  group  of 
cylinders  from  the  tested  engine,  which  has  two  or  larger  number  of 
blocks. 


5.  Stands  of  the  pumps  of  engines. 


Are  this  involved  stands  and  stands  water,  oil  and  fuel  pumps. 
The  designation/purpose  of  these  stands  is  a functional  test  and 
performance  testing  and  calibration  on  productivity  and  pressure 
depending  on  the  speed  of  pump.  As  drive  is  most  convenient  utilized 
an  electric  motor  of  direct  current  with  the  control  of  speed.  Kith 
the  necessity  between  the  electric  motor  and  the  pump,  is  introduced 
the  multiplier,  which  raises  to  necessary  speed  the  revolutions  of 
the  leading  pump  spindle.  The  schematic  diagrams  of  test  benches  of 
pumps  have  much  that  is  in  common.  The  basic  cell/elements  of  each 
testing  unit  are:  service  tank  with  the  system  of  preheating  and 
coolings  of  working  fluid,  strictly  stand  for  a tested  pump  with  the 
adjustable  drive,  common  weight  or  high-speed/velocity  type  flow 
meter,  the  drainage  system  of  the  descent  of  working  fluid  with  its 
replacement  and  providing  for  fire  safety,  control  panel  with 
monitoring-measuring  equipment.  Besides  the  pump  capacity,  on  stand 
are  produced  the  measurements  of  the  speed,  temperatures  and 
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pressures  before  and  after  pump,  and  also  the  temperature  of  working 
fluid  in  service  tank. 


Depending  on  the  type  of  the  drive*  its  power  and  presence  of 
the  multiplier  of  stand  of  pumps*  is  produced  the  noise  whose  level 
can  be  within  limits  90-110  dB  predominantly  at  high  and  medium 
frequencies. 
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Therefore  similar  units  one  should  place  in  the 
isolated/insulated  from  other  services  and  the  installations 
locations.  In  this  case*  in  one  location*  can  be  arrange/located 
several  test  benches  of  different  pumps  or  engine  accessories.  In 
such  cases  the  internal  surface  of  this  location  one  should  cover  by 
sound-absorbing  panels  that  it  will  make  it  possible  to  lower  noise 
and  to  considerably  improve  working  conditions.  Structural  solutions 
and  the  recommendations  of  this  facing  are  given  in  chapter  VIII. 

Panel  of  control  of  installations  with  monitoring-measuring 
equipment  to  conveniently  dispose  of  row/series  with  stands. 

Electric  motors*  whole  electrical  equipment*  power  and 


illuminating  guide  and  electric  fittings  of  stands  of  fuel  pumps  must 
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be  ex plosion- proof.  Therefore  stands  of  fuel  pumps  must  be  furnished 
in  separate  location  together  with  another  stands  of  entire  other 
fuel  equipment  or  in  independent  location.  Application/use  as  drive 
for  testing  of  fuel  equipment  common,  dangerously  explosive  electric 
motors  is  allow/assumed  only  in  such  a case,  when  they  will  be 
establish/installed  indoor,  isolate/insulated  by  anechoic  wall  fron 
the  location  of  pumping  station  with  the  passage  of  shafting  through 
the  intermediate  wall  with  the  aid  of  special  gas-impermeable 
stuff ing-boxs  seal. 

Servicing  service  tank  with  fuel/propellant  and  the  drain  of  the 
contaminated  fuel/propellant  is  recommended  to  produce  with  the 
centralized  way,  on  the  conduit/manif olds,  which  go  fron  basic  or 
intermediate  fuel  reservoir,  arrange/located  outside  the  building  of 
laboratory. 

6.  Other  testing  units  and  stands. 


Besides  installations  examined  above,  the  nomenclature  of  the 
remaining  test  benches  of  the  laboratories  of  engines  either 
gas-dynamic  laboratories  or  experimental  stations  of  experimental 
production  can  be  sufficiently  vast.  Their  need  will  be  determined  by 
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designation/purpose,  airfoil/profile  and  the  scale  of  works  of  shops, 
stations  and  laboratories-  Among  such  installations  and  stands,  one 
should  note: 

1-  Test  benches  of  the  fuel  equipient:  testing  injectors  for 
angle  and  guality  of  the  atonixation  of  fuel/propellant  and 
productivity;  the  carburetors  mixture  holding  collector/receptacles, 
fuel  pump  regulate rs,  unit  for  determining  the  octane  nuaber  and 
other  propellant  properties. 

2-  Onits  in  the  fora  of  airflow  laboratories  for  blasting  of 
blades,  cell/elements  of  grates,  branch  connections  and  other  parts 
of  gas  turbines  and  their  coapressors. 

3-  Onits  for  investigation  of  heat  transfer  and  testing  heat 
exchangers. 

4.  Test  benches  of  electric  starters,  electric  generators,  relay 
and  other  electrical  equipment. 

5.  Stands  for  adjustment  and  testing  of  different  mounted 
mechanisms  and  assemblies  of  systems  of  automation  and  control  of 
engines. 
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With  the  exception  of  fuel  installations  for  deter  aiding  the 
knock  properties  of  the  fuel/propellants  which  are  produced  by  Soviet 
industry,  whole  other  is  optional  equipment.  Therefore  their 
construction,  manufacture  and  adjustment  must  be  produced  on  the  spot 
takinq  into  account  the  specific  special  feature/peculiarities  of 
separate  assemblies,  assemblies  and  mechanisms,  which  require  the 
tests  of  concrete/specific/actual  engines. 


When  selecting  equipment  and  the  determination  of  the  schematic 
diagrams  of  the  fuel  feed,  oil,  electric  power,  air  and  other  forms 
of  power  engineering,  it  is  necessary  to  accept  the  basic 
condition/positions,  presented  above  for  experimental  stations. 


During  the  arrangement/permutation  of  any  kind  of  testing  units 
and  stands  for  the  laboratories  in  question  one  should  observe 
requirements  with  respect  to  the  provision  for  fire  safety,  safety 
engineering  and  with  respect  to  the  limitation  of  noise  in 
production. 

The  final  stage  of  experimental  or  research  works  of  laboratory 
is  conducting  the  complex  tests  of  the  improved  or  new  construction 
of  engine.  Besides  final  official  tests,  here  also  can  be  carried  out 
special  works,  connected  with  performance  testing  and  calibration  of 
heat  balance,  determination  of  the  friction  horsepower,  efficiency. 
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determination  of  resource/lif etime  and  optimum  engine  power  ratings 
and  others. 

For  such  works  in  the  composition  of  laboratory,  are  provided 
for  full-scale  units.  A quantity  of  such  installations  is  determined 
by  scale  and  the  character  of  production  and  by 

concrete/specific/actual  special  feature/peculiarities  of  the  type  of 
engine.  The  selection  of  type  and  equipment  of  installations, 
schematic  diagrams  of  feeding  one  should  produce  in  accordance  with 
the  given  above  recommendations  for  experimental  stations.  This  is 
related  also  to  the  determination  of  area,  the 

arrangenent/peraut ation,  the  noise  suppression  and  other  questions. 

§3.  Engine  testing  under  special  climatic  conditions. 


Sometimes  for  some  types  of  engines,  appears  the  need  for 
testing  their  efficiency  under  conditions  of  the  reduced  or  elevated 
temperatures  and  high  humidity.  This  is  connected  with  the  operation 
of  the  engines,  designated  to  work  in  different  geographic  latitudes, 
sometimes  in  the  presence  extra-heavy  climatic  conditions.  The  basic 
types  of  such  tests,  by  which  can  undergo  the  engine  in  complex 
combination  or  only  by  certain  of  them,  they  will  be: 
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1.  Testing  the  starting/launching  of  engine  and  starters  under 
conditions  of  the  reduced  temperature,  for  example  to  -40°C. 

Page  148. 

2.  Determination  of  performing  characteristics  and  reliability 
of  the  operation  of  engine  in  its  continuous  operation  under 
conditions  of  the  reduced  temperatures. 

3.  The  same  tests  under  conditions  of  elevated  temperatures,  for 
example  to  veiioc. 

4.  Functional  check  of  engine  and  its  separate  assemblies  under 
conditions  of  those  who  were  increased  humidities  and  temperatures  or 
strong  dast  content  of  air  and  other  severe  conditions. 

The  enumerated  tests  make  it  possible  not  only  to  test  and  to 
eliminate  defects  of  the  operation  of  engine  as  a whole  and  of  its 
separate  assemblies,  but  also  they  make  it  possible  to 
reveal/detect/expose  the  life  of  paint  and  varnish  coats, 
packing/seals,  used  in  engines. 
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F or  providing  conducting  similar  tests,  usually  they  resort  to 
creation  on  the  stand  of  artificial,  special  conditions.  In  this  case 
the  engine  being  investigated  together  vith  braking  devica  is  placed 
in  the  special  box  in  which  is  created  the  reguired  temperature. 
Control  of  this  test  unit  is  produced  remotely. 

Fig.  45,  depicts  the  schematic  diagram  of  box  for  engine  tests 
under  conditions  of  minus  temperatures.  This  unit  is  intended  for 
testing  of  starting/launching  and  conducting  endurance  tests  of  gas 
turbines  under  conditions  of  the  reduced  temperatures  - to  -40°c. 
Stand  with  engine  and  braking  device  is  placed  in  separate  box  1,  but 
control  panel  in  the  isolated/insulated  from  box  cabin/com part ment. 
Cooling  installation  with  air  coolers  and  auxiliary  equipment  is 
placed  in  the  engine  house,  arrange/located  near  from  box.  For 
decrease  in  the  heat  losses  during  cooling  of  box  internal  surface 
its,  door  and  other  apertures  have  a thermal  insulation.  The 
gas-discharge  nozzle  of  turbine  2 and  the  receiving  branch  connection 
of  ejector  have  a jacket  with  the  partition  tube,  imparted  with 
atmospheric  air.  This  is  necessary  for  providing  the  inflow  of  the 
ejected  air  and  decrease  in  the  thermal  cycling  in  box.  The  remaining 
part  of  ejection  pipe,  which  passes  on  box  and  which  is  imparted  with 
air-inlet  tube  3,  also  has  a thermal  insulation.  Box  with  cooling 
installation  has  two  cooling  systems  of  air.  One  System,  on  the  left 
side  of  the  given  diagram,  is  intended  for  cooling  of  box  by  the  air. 
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which  circulates  through  air  cooler  15  with  the  aid  of  fan  16. 
Cooling  air  occurs  because  of  the  evaporation  of  annonia  in  the  air 
cooler  into  which  it  enters  fron  cooler.  The  latter  consists  of 
compressor  12,  condenser/capacitor  11  and  auxiliary  equipment. 
Another  systen,  arrange/located  in  the  diagran  to  the  right,  is 
intended  for  the  supply  of  the  cooled  air  into  box  to  the  feeding  of 
engine  in  its  continuous  operation  under  conditions  low-teaperature. 
It  also  consists  of  cooling  installation,  but  higher  productivity. 
Cooling  air  is  produced  in  air  cooler  in  two  step/stages. 

Page  149. 


'0 


DOC  = 77233311 


PAGE 


r 


Pig.  45.  Schematic  diagram  of  propulsion  test  facility  under 
conditions  low-tern perature : 1 - box  of  engine  testing  at  tenperature 
to  -40°C;  2 - tested  gas  turbine;  3 - air-inlet  tube  of  ejected  air 
fron  ataosphere;  4 - two-stage  coolant  of  air  for  feeding  of  engine; 

5 - air-inlet  shaft/nine;  6 - fan  high-pressure;  7 - dehydrator 
02K-2OO;  8 - intermediate  vessel  PS-50;  9 - compressor  A0-50;  10  - oil 
separator  OH21-80;  11  - condenser/capacitor  KTG-110;  12  - Dows' s-80 
coapressor;  13  - dehydrator  of  type  OZh-200;  14  - regulating  station; 
15  - air  cooler  of  box;  16.  the  cooling-systea  fan  of  box. 


Page  150. 

At  first  stage  cooling  air  is  produced  to  5°C  with  aaintenance  by  its 
two  coapressors  9 type  AO- 150;  at  the  second  step/stage  of  cooling, 
the  air  is  led  to  -40°C.  This  system  is  serviced  by  two  coapressors 
of  Dows's-80  12  type.  The  eguipnent,  indicated  in  the  diagram, 
provides  the  supply  of  cold  air  up  to  2 kg/s  in  flow  rate  to  - WA°C  at 
the  temperature  of  surrounding  atmospheric  air  ♦15°C.  If  necessary 
for  such  type  of  unit,  they  can  be  constructed,  also,  for  other  test 
conditions  and  different  consumption.  For  larger  installations  during 
large  heat  liberations  by  brake  group  the  latter  can  be  removed 
beyond  the  liaits  of  box.  In  this  case  the  shaft  of  engine  must  be 
connected  with  brake  with  the  aid  of  the  connecting  shaft,  passing 
through  the  intermediate  wall  with  stuf fing-boxs  seal.  For  engine 
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testing  at  elevated  temperatures  and  large  air  humidity,  the  box  can 
be  constructed  according  to  similar  diagram.  In  this  case,  the 
heating  of  tested  engine  can  be  produced  by  the  heating  radiator^ 
where  as  heat  carrier  is  utilized  hot  water  or  pairs.  Heating  and  air 
supply  for  the  feeding  of  engine  is  reali ze/acconplished  from 
calorific  installations.  Air  hunidity  can  be  regulated  by  water 
injection  or  pair  into  its  system  of  preheating. 

§4.  Auxiliary  services  and  the  arr angemen t/permutation  of 
laboratories. 

1.  Compressor  stations. 

The  gas-dynamic  laboratories  of  the  gas  turbines  of  some  testing 
units  consume  a relatively  larger  guantity  of  compressed  air.  The 
users  of  the  compressed  air  are  bench  stands:  turbines,  the 
combustion  chambers,  blasting  of  blades,  cell/elements  of  the  grates, 
receiving  and  outlet  branches  and  other  target/purposes. 

Basic  parameters:  pressure  of  the  compressed  air  and  flow  rate 
per  second,  and  also  the  duration  of  testing  they  will  be  determined 
by  power  and  construction  of  turbine,  its  assemblies  and  by  the 
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character  of  the  conducted  testing.  Por  contenporary  gas  turbines  the 
pressure  of  the  compressed  air  after  compressor  oscillates  within 


limits  4-10  kg/cm*  and  it  is  above  with  its  consumption  from  several 
tenths  of  kilogram  to  several  kilograms  per  second.  The  duration  of 
testing  can  be  also  from  several  minutes  to  several  hours.  Thus,  even 
in  successive  work  of  the  installations,  which  consume  the  compressed 
air,  its  consumption  can  reach  high  values. 

Page  151. 

! 

Por  the  satisfaction  of  these  necessities,  the  supply  of 
laboratory  with  the  compressed  air  can  be  provided  to  one  of  the 

| f 

following  methods: 

a)  from  compressor  or  group  of  the  industrial  compressors, 
workers  in  parallel  during  entire  time  of  testing,  with  the  supply  of 
the  compressed  air  is  direct  to  testing  unit; 

b)  from  the  compressor  of  high  pressure,  working  on  the  charge 
footlight  of  the  bottles  in  which  is  created  the  reserve  of  the 
compressed  air  under  pressure  220  or  350  kg/cm2.  The  user  the 
compressed  air  enters  through  the  reducer,  adjusted  to  the  necessary 
pressure; 


c)  by  the  method  of  air  bleed  from  the  compressor  of  auxiliary 
gas  turbine  or  from  the  separate  compressor,  rotated  by  electric 
motor  or  gas  turbine. 


In  the  first  case  the  productivity  of  coapressor  will  be 
sufficiently  high,  since  it  aust  be  equal  to  the  required  consunption 
of  the  compressed  air.  For  these  purposes  most  adequate/approaching 
will  be  the  turbocompressors  with  drive  froa  electric  aotor  as  nore 
coapact  assemblies.  They  can  be  furnished  both  indoor  of  laboratory 
itself  and  in  separate  building  in  the  fora  of  independent  compressor 
station.  With  productivity  3-5  kg/s  and  above  such  compressors 
require  the  device  of  baseaent  or  arrangeaent/perautation  in  the 
two-story,  specially  fitted  out  building. 

In  the  second  case  the  reserve  of  gas  cylinder  footlight  is 
determined  by  the  consumption  of  the  compressed  air  and  by  the 
maximum  duration  of  experiaent.  The  productivity  of  coapressor 


station  will  depend  on  the  capacitance/ca pacit y of  gas  cylinder 
footlight  and  permissible  duration  of  the  supply  of  the  compressed 
air.  The  latter  will  depend  on  the  permissible  interruption  on  the 
tine  between  two  tests.  Compressor  station  can  be  arrange/located  in 
the  connon/general/total  building  of  laboratory  or  in  special 
building.  Gas  cylinder  footlight  can  be  the  open  type. 
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2.  Auxiliary  shops. 


ri 

The  practice  of  work  of  the  laboratories  of  engines  ind 
gas-dynamic  laboratories  in  question  shows  that  all  the  testing  units 
and  stands  are  frequently  subjected  to  reconstruction  and 
modernization.  Setting  and  the  solution  of  the  problems,  connected 
with  the  advent  and  improvement  of  the  constructions  of  engines, 
causes  the  need  for  frequent  conversion  or  re-planning  of  the  test 
benches  and  installations. 


Small  and  routine  repair  and  training/preparation  of 
installations  for  tests  are  also  labor-consuming  works  and  require 
daily  attention.  Eliminating  conducting  major  overhaul  and  the 
manufacture  of  large  equipment  which  are  fulfilled  by  the  appropriate 
shops  of  plant,  all  remaining  works,  as  a rule,  they  are  carried  out 
by  the  forces  of  laboratory  itself.  Therefore  it  must  furnish 
sufficient  developed  machine  shop  with  a tool  making-welding  and 
assembly  compartments  for  the  operational  execution  of  all  works  both 
on  the  conversion  and  on  training/preparation  of  installations  and 
stands  for  test  work.  Furthermore,  for  providing  the  normal  operation 

of  laboratory  are  necessary  other  auxiliary  services,  enumerated  in 

Table  12. 
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3.  Arrangement/per  mutation  and  the  planning  of  laboratories. 

Gas-dynamic  laboratories  or  the  laboratories  of  engines  can  be 
placed  in  separate  independent  housing  or  together  with  the 
experiaental  station  of  series  production,  and  also  with  another 
pilot  plants. 

The  character  of  the  testing  units  of  these  laboratories  and 
their  arrangement  have  much  in  common  with  experimental  stations. 
Therefore  those  who  were  given  in  chapter  Til  of  consideration 
according  to  artificial  satellite  arrangement,  the  selection  of 
conveying  devices,  the  determination  of  reguired  areas  and  work  force 
will  be  completely  valid  also  for  the  laboratories  in  question. 

Laboratory  must  have  as  far  as  possible  the  larger  perimeter  of 
external  walls  for  providing  the  arrangeaent/perautation  of 
installations  and  compartments,  and  also  for  the  more  convenient 
arrangement  of  the  sound- deadening  devices,  supply  and 
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input/introduction  of  fuel  lines.  In  this  case,  the  gas-bleeding 
systeas  to  more  expedient  furnish  on  the  one  hand  of  housing,  leaving 
opposite  side  for  aggregate  coapartaents  and  the  auxiliary  services 
of  laboratories. 


Fig.  46.  Diagraa  of  planning  of  gas-dynaaic  testing  laboratory  of  gas 
turbines:  1 - stand  of  gas  turbines;  2 - stand  of  coapressors, 
blasting  of  blades,  grates  it  puffed;  3,  4 and  5 - stand  of  gas 
turbine  engines;  6 - unit  for  special  cliaatic  testings  of  engines;  7 
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- stand  of  coabustion  chambers;  8 - stand  of  starters  and  reducers  of 
engines;  9 - location  for  testing  fuel  eguipaent;  10  - location  for 
testing  of  oil  puaps,  filters  and  another  oil  eguipaent;  11  - tubular 
auffler;  12  - the  location  of  cooling  installations  and  eguipaent  for 
cliaatic  testings;  13  - shop  of  laboratory;  14  - dynaaoelectric  hall; 
15  - ventilation  location;  16  - Preparatory  rooa;  17  - electric 
crane-beaa;  18  - gasoline  flushing  rooa;  19  - everyday  and 
auxiliary- service  locations. 

page  153- 

As  an  exaaple  Fig.  46,  depicts  the  planning  of  gas-dynanic 
testing  laboratory  of  gas  turbines  with  the  arrangeaent  in  separate 
bousing.  Its  building  has  a fora  of  rectangle  with  arrangeaent  on  its 
end/face  of  adainistrati ve-everyday  locations.  The  testing  units  of 
laboratory  are  arrange/located  along  one  side  of  housing,  froa 
another  side  are  placed  aggregate  stands  and  auxiliary  services.  The 
right  side  of  the  housing  allows  for  of  further  expansion  without  the 
distur bance/breahdown  of  the  planning  of  the  existing  locations  of 
laboratory. 


k 


Chapter  X. 

Special  and  auxiliary  services,  devices  and  systems. 

§1.  Special  services. 

Page  154. 

In  a number  of  cases  in  the  conditions  of  technological  process 
and  character  of  the  production  of  piston  engines  and  gas  turbines, 
experimental  stations  and  laboratories  are  equipped  with  special  and 
auxiliary  services  and  devices.  Among  them  from  number  most 
frequently  encountering  in  practice  they  can  be: 

a).  Power  supply,  that  includes  generator,  battery  or  rectifying 


installations  for  conversion  or  obtainings  of  the  direct  current  of 
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low  voltage  froa  6 to  36  V,  designated  for  the  feeding  of  starters 
and  other  electrical  or  combined  starters.  They  can  be  the 
centralized,  group  or  individual.  Since  the  launching/starting  of 
engine  occupies  short  tiae,  in  calculations  usually  is  accepted 
si aultaneo usly  the  starting/launching  only  of  one  unit.  In  this  case, 
the  source  power  of  feeding  is  selected  according  to  the  highest 
efficiency  of  user  - engine  starter.  To  avoid  siaultaneous 
connection/inclusion  for  the  starting/launching  of  several  test 
benches  on  power  supply,  is  provided  for  the  blocking.  Since  starting 
currents  during  starting/launching  reach  very  high  values,  for  the 
purpose  of  shortening  the  losses  and  conaunications  converters  are 
not  recoaaended  to  relate  froa  the  test  benches  wore  than  on  50  a. 
Furtheraore,  one  should  place  then  in  the  isolated/insulated  or 
fenced  off  froa  other  services  location. 


b) . Oscillographic.  For  recording  and  the  visual  observation  of 
the  fast  flowing  processes,  such  as  vibrations,  change  in  the 
pressures,  tenperatures  and  other  values  is  encountered  the  need  of 
applying  the  oscillographs.  The  latter  can  be  furnished  both  in  the 
control  panels  separate  testing  units  and  in  separate  locations  for 
the  centralized  aaintenance  of  several  stands.  In  the  latter  case 
with  oscillographic,  it  is  expedient  to  have  a photo-room  for  the 
developaent  of  filas  with  the  recording  of  oscillograas. 
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c) . Gasoline  flushing.  In  certain  cases,  especially  for  large 
experimental  stations  or  laboratories,  appears  the  need  for 
organization  of  separate  gasoline  flushing  area. 

Page  155. 

It  is  intended  not  only  for  the  flushing  of  parts,  assemblies  and 
assemblies  during  their  replacement  on  engines,  and  also  for  the 
flushing  of  bench  reinforcement  and  filters.  For  mechanization  of 
washing  works,  one  should  apply  jet-edge  flushing  by  means  of  the 
forcing  of  gasoline  by  the  compressed  air.  For  this  purpose  outside 
assignment  at  a distance  from  wall  not  less  than  6 m into  the 
eacth/ground  will  be  sunk  2-4  fuel  tanks  by  the  capacitanoe/ca pacity 
of  1. 0-2.0  a3,  half  from  which  in  turn  is  either  forcing  or  drainage 
capacitance/capacities.  To  avoid  fires  and  explosions,  the 
illumination  and  electric  wiring  in  gasoline  flushing  must  be 
explosion-  proof. 

The  suction  and  exhaust  ventilation  of  washing  can  be  local  in 
the  form  of  on-board  suctions  from  baths  or  from  the  cabinets  and 
other  shelters  of  baths,  and  also  general  exchange  for  entire 
location  of  washing.  In  the  latter  case  the  multiplicity  of  the 
exchange  must  be  is  not  less  than  20-25  exchanges  in  hour  with  the 
excess  of  a quantity  of  drawn  off  air  above  the  inflow. 
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d) .  Onits  for  the  blowout  (cooling)  of  asseablies.  Soae  types  of 
transport  engines  require  during  the  bench  tests  of  the  forced 
cooling  of  soae  asseablies  by  Beans  of  blowout  by  their  air.  Such 
asseablies,  which  require  air  cooling,  include  the  generators  and 
conpressors  and  all  other  noun  ted  auxiliary  oechanisas,  which  are  the 
affiliation/accessory  of  engine,  and  also  such  asseablies  and  the 
parts  of  engine  as  turbine  casing,  the  lower  part  of  the  crankcase 
and  others.  The  blowout  of  the  enu aerated  asseablies  and  asseablies 
is  deterained  by  the  necessary  consunption  of  air  which  depends  09 
pressure  and  section/cut  of  air-supply  tube  and  can  be  realized  fron 
industrial  nains  of  the  coapressed  air  or  froa  high-pressure  fan. 

e) .  Ventilator  systems.  With  the  planning  of  building  and  the 
arrangeaent/perautation  of  the  equipment  of  experimental  stations  and 
laboratories,  one  should  separate  the  appropriate  areas  and  place  for 
the  arrangeaent  of  the  supply  and  exhaust  ventilation  chaabers. 

During  the  arrangeaent/perautation  of  testing  units  in 
coaaon/general/total  hall,  these  chaabers  are  furnished  on  the  pads 
within  building  or  in  the  specially  diverted  locations,  which  adjoin 
this  hall. 


With  the  arrangeaent  of  the  test  benches  in  boxes,  the 
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ventilation,  heating  or  sprinkling  are  necessary  only  for  the  period 
of  installation  and  disassembly  of  engine  from  stand.  Therefore  these 
systems  work  periodically,  and  control  by  them  one  should 
realize/accomplish  from  the  cabin/compartment  of  control.  In  the 
locations  of  technological  equipment  of  power-supply  systems  and  in 
the  cabin/compartments  of  control  it  is  necessary  to  provide  for 
general-exchange  suction  and  exhaust  ventilation.  The  practice  of 
operation  of  the  experimental  stations  of  foremost  machine-building 
plants  showed  that  in  the  sufficiently  well  assembled  fuel  and  oil 
communications  and  the  absence  in  then  of  leakages  and  inflows  the 
multiplicity  of  the  exchange  of  air  in  hour  within  limits  of  15-25 
completely  provides  the  purity/finish  of  air  in  these  locations  with 
the  content  of  harmful  impurities  in  air  below  maximally  permissible 
concentrations. 

Pa  ge  156. 

In  the  presence  of  separate  locations  for  area  of  technological 
equipment,  power-supply  systems,  for  example,  under  the 
cabin/compartment  of  control  or  in  adjacent  with  it  location,  and 
with  the  possibility  of  the  temporary  stay  in  it  of  the  service 
personnel  the  multiplicity  of  exchange  in  these  locations  can  be 
lowered  to  5-10  exchanges  in  hour.  Por  the  purpose  of  the  provision 
for  the  necessary  soundproofing,  one  should  avoid  the  packing  of  air 
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channels  and  air  ducts  between  box  and  cabin/conpartnent  of  control. 
If  necessary  for  the  packing  of  the  sane,  they  aust  be  equipped  with 
the  sound-deadening  devices.  In  connection  with  this,  and  also  for 
imparting  of  proper  forn  and  shaping  the  cabin/conpartnent  of  control 
ventilation  air  ducts  as  far  as  possible  one  should  provide  for  in 
the  forn  of  the  built-in  into  structures  channels,  or  in  the  forn  of 
the  ducts,  henned  to  ceiling  overlaps. 


§2.  Systens  of  gas  extinguishing  of  fires. 


The  testing  units,  arrange/located  in  the  boxes  on  which  during 
testing  of  engines,  of  fuel  systens  or  separate  assenblies  can  occur 
the  fires,  it  is  expedient  to  equip  with  system  of  gas-extinguishing 
of  fires.  Especially  such  systens  it  is  useful  to  have  during  testing 
of  experinental-ex per inental  articles  when  nost  of  all  are  possible 
fires.  In  this  case  for  the  preservation/retention/uaintaining  of 
experinental  nodel  and  explanation  of  the  reasons  for  the  energence 
of  fire,  it  is  necessary  to  have  the  reliable  high  speed  fire 
extinguishing  systen.  Fires  on  stand  usually  appear  with  the 
finishing  of  tested  engine  during  boosting  or  as  a result  of  the 
burnout  of  the  conbustion  chanber,  disturbance/breakdown  of  the  seal 
of  fuel  pipe  and  its  reinforcenent,  appearance  of  a leak  of 
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fuel/propellant  and  its  incidence/impingement  to  the  highly  heated 
parts  of  engine,  destruction  of  flexible  hose  or  Durite  connection  of 
fuel  line  of  gas  turbines,  and  also  as  a result  of  falling  of  the 
burning  aixture  into  carburetor  during  backfire,  as  a result  of  the 
iapoverishaent  of  its  and  other  reasons,  which  are  powerful  to  be  at 
piston  engines. 

The  principle  of  work  of  the  systea  of  gas  extinguishing  of 
fires  consists  in  the  fact  that  in  the  case  of  the  eaergence  of  fire 
the  location  of  testing  unit  is  filled  with  the  gas,  inert  to 
burning,  i.e.,  by  that  not  containing  free  oxygen,  in  consequence  of 
which  the  burning  of  the  emergent  fire  ceases.  Such  gases  include 
carbonic  acid,  nitrogen  and  other  inert  gases,  and  also  special 
mixtures,  for  example  aixture  3.5T,  and  others.  The  filling  of 
locations  with  gas  aust  be  produced  only  in  the  absence  in  then  of 
people.  Therefore  these  systems  are  virtually  used  for  the  testing 
units,  arrange/located  in  the  separate  isolated/insulated  boxes.  For 
the  aore  effective  quenching  of  fire,  it  is  necessary  to  insulate  box 
from  report/coaaunication  with  atmospheric  air.  Therefore  during  the 
eaergence  of  fire,  one  should  close  supplying  and  discharging  air  and 
waste  gases  conduit/aanif olds  or  channels.  In  this  case,  their 
shutter/valves,  daaper  or  catches  aust  have  the  power  drives, 
included  fron  control  panel. 


* — f r 
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The  systea  of  gas  extinguishing  of  fires  one  should  have  that 
which  was  centralized,  coaaon/general/tot al  for  all  testing  units,  of 
this  case  it  will  consist  of:  a)  capacitance/capacities  for  storage 
under  pressure  by  coapressed  mixture  or  coapressed  gas  for 
extinguish aent  of  fires; 


b)  manifold  with  the  close  fitting  valve,  diluted  on  boxes  both 
the  aost  probable  places  of  origin  of  fires,  and  by  the 
conclusion/derivation  of  the  starter  of  this  systea  into  the 
cabin/coapartaent  of  control. 


The  burning  of  fire  ceases  with  the  filling  with  gas  of  the  box 
when  gas  concentration  comprises  not  less  than  40o/o  entire  volume  of 
air,  which  is  located  in  the  test  pit.  For  the  effectiveness  of 
localization  of  fire,  the  gas  pipe  of  system,  which  concludes  with 
several  nozzles  or  injectors,  follows  as  far  as  possible  to  feed 
nearer  to  stand  and  engine.  After  the  launching/starting  of  systea 
into  action  fire,  it  ceases  during  20-40  s.  The  positive  side  of  this 
systea  is  that  fact  that  it  does  not  exert  itself  haraful  effect  on 
part  and  the  construction  of  tested  engine,  also,  on  the  eguipaent  of 
testing  unit.  Gas  cylinder  footlight  with  gas  for  the  quenching  of 

fires  aust  be  located  in  the  specially  separated  single-stage 

location . 
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§3.  Channelization-drainage  systems. 


If  necessary  for  jettisoning  and  possibility  of  the  overflow  of 
water  and  inflows  of  the  cooling  systeas  or  other  bench  systeas  for 
area  of  stand,  it  is  necessary  to  have  channelization  receiving 
grates  (ladders).  For  providing  the  drainage  of  water  and  maintenance 
of  the  purity/finish  of  sex/floor  in  area  of  possible  leakages,  the 
sex/floor  must  slope  to  the  side  of  ladder.  When,  in  water,  harmful 
toxic  or  inflammable  contaainations  are  absent,  drainage  ladders  can 
be  connected  with  drain  downpour  channelization.  If  into  effluents 
can  fall  the  residue/reaainders  (inflows)  of  fuel/propellant  or  oil, 
then  drainage  conduit/aanifold  must  be  laid  (outside  builling)  and 
equipped  with  special  snatcher  or  the  suap  of  fuel/propellant  and 
oils. 


In  the  presence  of  the  considerable  leakages  of  fuel/propellant 
and  possible  emergency  overflows  of  its  or  technological  ejections  of 
f wal/prope llant  from  engine  as,  for  example,  when  conducting  of  false 
starts  of  soae  gas  turbines,  soaetiaes  it  is  necessary  to  provide  for 
•hs  systsa  of  draining  these  contaainated  fuel  it  is  waste. 
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In  this  case  in  area  of  the  greatest  accumulations  of  such,  is 
waste  in  the  sex/floor  of  location  it  is  provided  for  installation  of 
ladder,  connected  by  drain  conduit /manifold  with  the  drainage 
capacitance/ capacity,  sunk  into  the  earth/ground,  outside  building. 
Drainage  capacitance/capacity  is  eguipped  by  scavenge  pump  with 
mechanical  or  hand  drive  for  periodic  removal  from  it  fuel  it  is 
waste. 


Sometimes  instead  of  the  channelization  ladder  is  arranged  the 
pan/pallet,  arrange/located  on  the  sex/floor  or  under  unit  in  the 
zone  of  the  possible  ejections  of  fuel/propellant,  which  they  connect 
by  conduit/manifold  with  drainage  capacitance/capacity. 
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Chapter  XI. 


Mechanization  and  automation  of  production  processes. 


Page  158. 


The  overall  aechanization  of  production  processes  at 
engine-building  plants  cannot  go  around  experimental  stations. 
Especially  this  concerns  the  stations  of  mass  and  series  production. 
The  analysis  of  labor  intensity  on  experimental  stations  shows  that 
in  the  majority  of  cases  the  preparatory  and  auxiliary  activities, 
produced  at  units  themselves,  compose  the  very  considerable 
expenditures  of  time,  which  causes  unproductive  idle  tines  of  the 
expensive  constructions  and  equipment.  In  connection  with  the 
experimental  processes  and  the  research  of  the  methods  of  an  increase 
in  the  labor  productivity  they  must  be  solved  in  following  main 
directions. 

a)  Maximum  shortening  in  the  time,  spent  on  preparation  and 
finishing  works,  produced  on  stand,  such  as:  the  delivery/procurement 
of  engine  to  stand,  unit  on  stand  and  fastening,  the  connection  of 
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the  feeding  commun ications,  measuring  systems  and  control, 
disassembly  after  testing  and  other  works,  produced  in  reverse  order 
after  engine  testing. 

b)  shortening  the  tine  for  ad justnent-f itting  works,  produced  at 
unit  in  the  process  of  testing,  because  of  pre-check  and  the  testing 
of  systens,  mounted  mechanisms  and  engine  accessories  in  the  process 
of  assembly. 


c) . Automation  of  recording,  recording  and  processings  of 
measurements  during  performance  testing  and  calibration  of  engine  and 
the  application/use  of  a programmed  control  during  its  testing. 


The  indicated  overall  mechanization  of  production  processes 
first  of  all  one  should  consider  as  development  and  the 
implementation  of  the  measures,  directed  toward  an  increase  in  the 
coefficient  of  utilization  of  testing  units.  The  realization  of  these 
neasures  makes  it  possible  for  new  experimental  stations  to  reduce 
the  number  of  requiring  testing  units,  to  decrease  capital 
investments  and  periods  of  building;  for  those  who  exist  - to  raise 
labor  productivity,  to  reduce  staffs  and  the  operating  costs  and  to 
raise  the  guality  of  engine  tests. 

■j 

Page  159. 
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Foe  preparation  and  finishing  work  the  number  of  such 
organizational  and  technical  measures,  which  raise  the  effectiveness 
of  testing  units,  one  should  relate: 

a)  the  transfer  of  preparatory  works  froa  stand  into  the  ball  of 
training/preparation,  which  will  make  it  possible  to  reduce  the 
retention  time  of  engine  at  testing  unit.  Outside  stand  in  the  zone 
of  training/preparation  it  is  possible  to  produce  testing  and  visaal 
inspection  of  engine,  taking  plug/silencers  and  plugs,  setting  up  of 
measuring  sensors  and  similar  to  them  works; 

b)  the  application/use  of  the  engine  mount  or  mobile 
stand-trucks  to  which  the  engine  preliminarily  is  installed  in  the 
hall  of  training/preparation  where  is  produced  its  brace  inspection 
and  measurement  by  communications  with  the  conclusion/derivation  of 
their  ends  to  special  flap.  Engine  together  with  the  engine  mount  or 
on  stand-truck  is  moved  to  the  testing  unit  where  performs  only  its 
mating  with  braking  device,  but  flap  with  the  collector /receptacle  of 
bench  inspection  and  measurement  communications; 

c)  the  application/use  of  the  high  speed  fastenings  of  engine 
together  with  engine  block  frame  or  stand-truck  on  the  stand  of 
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testing  unit; 

d)  use  of  the  high  speed  connections  for  all  feeding  and  which 
operate  engine  conduit/manifolds,  monitor ing- Measuring  equipment  and 
devices  will  make  possible  for  short  tine  to  produce  the  connection 
of  all  bench  coanunications  directly  to  engine  and  its  flap. 

Unlike  the  common  methods  of  the  transportation  of  engines  on 
unit,  the  application/use  of  mobile  stand-trucks  or  the  engine  mounts 
can  give  a whole  number  of  significant  advantages.  Especially  this  is 
related  to  large-size  heavy  engines  during  their  testing  in  separate 
boxes.  Operations  on  delivery/procurement  and  import  of  such  engines 
into  box  and  reverse/inverse  transportation  are  coupler,  bulky  and 
labor-consuming.  The  use  of  upper  lifting-transporting  devices  for 
these  purposes  is  hinder/hampered  or  is  excluded  due  to  the 
impossibility  of  the  necessary  packing/seal  of  large  apertures 
according  to  the  considerations  of  fire  safety  and  soundproofing. 
Therefore  it  is  necessary  to  resort  to  intermediate,  tcoLLey /truck 
transport  with  four  rearrangements  of  each  engine  when  conducting  of 
one  testing.  Furthermore,  for  the  setting  of  engine  to  stand  and  its 
taking  from  stand  box  is  necessary  to  equip  with  lifting- transporting 
devices  in  the  form  of  tap/cranes,  jibs,  or  a monorail  with  telpher. 
For  these  operations  it  is  necessary  to  lengthen  box  and  to 
especially  increase  its  height/altitude.  Fig.  47,  shows  the  schematic 
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of  this  transportation  and  installation  on  stand.  Application/use  of 
self-propelled  stand-trucks  or  lovable  engine  mounts  lakes  it 
possible  to  reduce  the  tine  of  transportation  and  to  considerably 
entreat  this  operation. 

Page  160. 

In  this  case,  the  engine  after  fastening  to  foundation  and  its 
connection  with  brake  tests  directly  on  the  transported  device, 
without  its  coaion  rearrangement  in  box,  which  lakes  it  possible  to 
considerably  reduce  the  dimensions  of  boxes  along  the  length  and 
height/altitude  and  to  forego  bench  lifting-tragsporting  devices. 

I.f  necessary  for  more  rigid  installation  at  the  testing  unit  of 
stand-truck,  the  latter  can  have  jack  type  lowering  device,  which 
makes  it  possible  to  lover  the  stand-truck  to  special  fastening  beams 
agd  the  farm/trusses  of  the  power  frane  of  foundation.  A similar 
device  can  be  both  with  mechanical  and  with  hand  drive. 

Pig.  48,  shows  the  diagram  of  experimental  station  with  the 
application/use  of  self-propelled  stand-carts  for  testing  the 
powerful  gas  turbines  for  law  courts  and  gas  turboelectric 
locomotives.  The  turbine,  supplied  to  experimental  station  from 
assembly  shop,  in  the  compartment  of  training/preparation  is 


XT 
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reaove/taken  by  tap/crane  and  is  establish/installed  on  a stand-cart. 
Here  Ls  produced  fastening  turbine  for  the  stand-cart,  its  eguipnent 
and  training/preparation  for  testing.  Turbine,  passed  testing  and 
locating  in  box,  is  rolled  froa  the  latter,  but  not  its  place  is 
iaported  new,  previously  prepared.  In  box  the  fraae  of  the  stand-cart 
with  the  aid  of  jack  device  lowers  together  with  engine  on  the  power 
frame  of  the  foundation  of  unit  and  is  fastened  to  the  latter  with 


the  aid  of  the  high  speed  fastenings.  Then  is  produced  shaft  coupling 
of  turbine  with  the  flexible  coupling  clutch  of  the  shaft  of  braking 
device  and  the  connection  of  engine  to  the  bench  comnunica tions  of 
testing  unit.  Thus,  each  box  has  two  shuttle  of  stand-cart  on  which 
alternately  they  are  installed,  test  and  are  disaantled  engines.  Less 


overall  and  not  heavy  engines  can  be  transported  into  box  on 
stand- supports  with  the  aid  of  electric  car  with  the  lifting  stage. 

The  organization  of  engine  tests  according  to  this  diagraa 


considerably  raises  the  productivity  of  installations.  Besides  that 
which  was  given,  can  be  used  other  diagraas,  for  exaaple,  the  nethod 
of  the  delivery/procureaent  of  engines  into  the  box  with  the  aid  of 
transporter  truck  and  other  methods. 


1 
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Fig.  47.  Schematic  of  coaaon  transportation  of  engines  with 
arrangement  of  testing  units  in  separate  boxes. 


Page  161. 

A reduction  in  the  expenditures  of  the  time,  expended  to 
regulating-setup  worts,  produced  on  stand  in  the  process  of  engine 
testing,  is  also  the  large  reserve  of  an  increase  in  the  throughput 
capacity  of  testing  units.  Heduction/descent  in  the  labor  consumption 
of  these  works  and  shortening  the  encountered  flaw/defects  in  engine, 
eliminated  in  the  process  of  its  testing,  can  be  reached  by  the 
application/use  of  advanced  technology  of  assembly.  Such  a technology 
must  provide  for  conducting  preliminary  tests  and  regulating  works  on 
separate  assemblies,  assemblies  and  systems  and  on  engine  as  a whole, 
in  the  process  of  their  assembly  or  after  it.  Such  works  include  the 
testing  and  control  of  all  pumps,  pumps,  including  of  the  fuel  pumps, 
injectors  and  other  hung  up  for  engine  mechanisms  and  assemblies. 
Furthermore,  by  assembly  must  be  produced  testing  the  separate 
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systems  of  mixture  distribution,  ignition,  lubrication,  cooling  and 
others,  including  testing  packing/seals,  leakage  test,  and  also 
testing  and  the  control  of  the  interlock  systems  and  automation.  All 
these  operations  nust  be  produced  under  conditions,  approximated  to 
full-scale,  in  the  part  of  the  temperature  conditions,  pressure, 
speed  and  other  test  conditions. 

During  testing  of  many  types  of  engines,  it  is  necessary  to 
simultaneously  determine  the  different  characteristics  and  the 
parameters  of  engine,  in  the  different  modes  of  its  operation  and 
frequently  on  numerous  points. 
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Pig.  48.  Diagram  of  experimental  station  with  lovable  stand-cart:  a) 
for  engines  with  vertical  gas  outlet;  1 - engine,  establish/installed 
on  stand-cat;  2 - rail  track;  3 - engine  on  stand-cart  connected  to 
brake;  4 - braking  device;  5 - box  for  testing;  6 - cabin/coipartient 
of  control;  7 - horizontal  air-inlet  silencer;  8 - vertical  tubular 
gas-bleeding  silencer;  b)  for  engines  with  horizontal  gas  line. 
Stand-cart  with  the  swinging  elbow  for  the  jet  direction  of  waste 
ga ses. 

Key:  (1).  Hall  of  training/preparation. 

Page  162. 

It  is  this  involved  the  measureient  of  power,  speed,  teiperature  and 
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air  pressure,  and  also  the  consumption  of  fuel/propellant,  oil,  of 
cooling  water  and  other  values.  With  the  visual  aethod  of  reading  of 
instruments  and  even  during  the  use  of  chart  recorders  on  recording 
and  processing  of  these  readings  usually  is  spent  much  ti» e and  fuel, 
but  taking  these  characteristics  not  always  does  bear  objective 
character.  Therefore  aechanization  of  these  works  is  the  completely 
contemporary  and  necessary  task. 

Application/use  in  this  field  of  the  specialized  computer  makes 
it  possible  to  utilize  it  in  two  directions; 

to  automate  recording,  recording  and  the  »athematical  processing 
of  all  conducted  measurements  during  performance  testing  and 
calibration  of  engine  with  obtaining  of  printed  record  sheet; 

to  introduce  automatic  control  of  the  process  of  testing 
according  to  predetermined  program. 


For  the  indicated  target/purposes  are  most  appropriate  the 
specialized,  managers,  who  record,  the  computers  (URVH) , made  by 
Soviet  industry.  Such  machines  depending  on  type  and  the  construction 
can  on  experimenter *s  command/crew  for  one  second  record  from  several 
dozens  to  several  hundreds  of  different  values  and  readings. 
Mathematical  processing,  including  the  determination  of  the  specific 
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consumption  of  fue 1/propellant  and  oil,  the  computation  of  power  and 
its  bringing  to  standard  conditions  and  other  similar  to  then 
calculations,  and  also  printing  on  the  paper  tape  of  the  results  of 
measurements  and  computations  electronic  computer  are  made  for  a few 
minutes.  ORTH  can  conduct  control  of  the  process  of  engine  testing  on 
to  predetermined  program.  In  the  case  of  the  deviations  of  the  values 
of  some  parameters  of  tested  engine  from  permissible,  according  to 
the  established/installed  technical  specifications  of  URVn  it 
overhangs  the  electrical  signals  to  actuating  mechanisms  for  the 
regulating  of  the  assigned  magnitudes  or  for  the  cessation  of  engine 
testing. 

OBVN  is  the  digital  computer,  which  allow/assumes  known 
flexibility  in  the  relation  to  the  rearrangement  both  the  program  of 
control  and  the  programs  of  calculating  operations.  One  Such  machine, 
establish/installed  in  area  of  testing  units,  can  service  several 
stands. 

The  primary  information  about  the  values  of  the  quantities  of 
the  measured  parameters  of  tested  engine  (pressure,  temperature,  the 
rotational  speed,  fluid  flow  rate,  etc.)  enters  OHVB  in  the  form  of 
the  electrical  signals,  sent  by  the  special  measuring  sensors, 
arrange/located  during  engine  or  test  equipment.  As  sensors  for  the 
measurement  of  different  temperatures,  can  be  used  the  produced  by 
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industry  series  specimen/samples  of  the  resistance  thermometers  and 
thermocouple,  but  for  the  measurement  of  pressures  - extan sometric 
pressure  sensors  of  special  manufacture. 

Page  163. 

The  measurement  of  the  torsional  moment  can  be  produced  either  with 
the  aid  of  momentu m/impulse/pulses  from  strain  gauge,  or  with  the  aid 
of  the  momentum/impulse/pulses,  sent  from  weight  gage  instrument.  The 
latter  can  be  reached  by  the  unit  of  photoresistance  on  the  scale  of 
the  weights  which  will  overhang  momentum/impu lse/pulses  with  blackout 
by  their  arrow/pointer  with  its  displacement.  According  to  the  same 
principles  can  be  measured  the  consumption  of  fuel/propellant  and  oil 
from  weight  flow  meters. 

During  automatic  control  of  the  process  of  engine,  testing 
change  in  the  mode/conditions  and  the  control  of  its  work  is 
realifee/accoaplished  according  to  the  test  programs  and  blockings, 
placed  on  punch  card  into  the  assembly  of  the  control  of  0 RVH.  The 
control  unit  continuously  obtains  the  signals  from  measuring  sensors 
and  it  compares  these  signals  with  the  allowed  values  of  the 
parameters  of  engine.  In  the  case  of  the  nonconformity  of  these 
parameters,  the  control  unit  overhangs  the  electrical  signals  to 
actuating  mechanisms  for  the  control  of  the  operation,  and  with  the 
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impossibility  of  obtaining  the  necessary  values,  is  produced  its 
stop.  According  to  test  program,  the  control  unit  overhangs  also  the 
electrical  signals  to  the  actuating  aechanisas,  aatched  on  tiae  with 
the  graph  of  testing,  for  a change  in  engine  power  rating  and  its 
translation/conversion  into  the  following  stage  of  tests.  The 
entering  froa  asseably  controls  the  actuating  aechanisas  the  signals 
are  converted  into  the  aechanical  displacements  of  corresponding 
engine  controls. 


Page  164, 
APPENDICES. 
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Appendix  1. 

Maximum  permissible  concentrations  of  poison  gases  and  vapors  of  some 
substances  in  air  of  working  locations. 

(Extract  from  appendix  3 to  the  sanitary  norms  of  design  ti  101-54). 
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Key:  (1)  Designation  of  substance.  (2)  Values  of  the  maximum 

permissible  concentrations  in  mg/1.  (3)  Designation  of  substance. 
(4)  Values  of  the  maximum  permissible  concentrations  in  mg/1.  (5) 


j 


DOC  = 77233313 


PAGE  323 


Acrolein.  (6).  Carbon  nonoxide.  (7).  Aaaonia.  (8).  Mercury  is 
aetallic.  (9).  Acetone.  (10).  Sulfur  dioxide.  (11).  Gasoline.  (12). 
Hydrogen  sulfide.  (13).  Benzene.  (14).  Carbon  disulfide.  (15). 
Kerosene.  (16).  Alcohol  is  aethyl.  (17).  Ligroin.  (18).  Alcohol  is 
ethyl.:  (19).  Mineral  oil  in  conversion  for  carbon.  (20).  Mineral 
spirits.  (21).  Chlorine. 

Motes:  1.  With  the  teaporary  stay  of  workers  in  production  locations, 
are  allow/assuaed  the  digressions  froa  the  indicated  values  by 
authorization  of  Gossaninspektsiya  USSR. 

2.  In  work  in  the  ataosphere,  which  contains  carbon  nonoxide,  by 
duration  not  nore  than  1 h aaxiaua  peraissible  concentration  of 
carbon  nonoxide  can  be  raised  to  0.05  ag/f;  in  work  it  is  not  aore 
than  30  ain  - to  0.1  ag/1;  in  15  ain  - to  0.2  ag/1.  Repeated  works 
ui|der  conditions  of  the  industrial  content  of  carbon  nonoxide  in  air 
of  working  zone  can  be  produced  with  interruption  not  less  than  for  2 
h. 

Page  165. 
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Appendix  2. 

TEMPORARY  NORMS  OP  ACCEPTABLE  NOISE  LEVELS  IN  PRODUCTION. 


Extraction  from  "tiae/teaporary  sanitary  noras  and  the  rules  on 
the  liaitation  of  noise  in  production",  affiraed  by  the  aain  state 
sanitary  inspector  of  the  USSR  on  9 February  1956  No  205-56. 


TEMPORARY  NORMS  FOR  ACCEPTABLE  NOISE  LEVELS  IN  PRODUCTION. 


Designation/purpose  and  the  field  of  application. 


1.  Present  noras  establish/install  values  of  tolerance  levels 
and  noise  spectra  of  work  areas  in  production  and  basic  requirements, 
directed  toward  prevention/warning  of  occupational  diseases  of 
persons,  working  in  situation  of  noises. 

Note.  The  values  of  pernissible  noise  levels,  adjustable  by 
present  noras,  are  real  with  the  noraal  duration  of  workday. 

2.  Noras  are  spread  for  industrial  enterprises. 
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scientific-research  institutes  of  laboratory  and  experimental 
objectives  in  which  is  establish/installed  equipment,  which  creates 

no  ise. 

Acceptable  noise  levels  in  production. 

3.  All  noises  depending  on  their  frequency  composition 
(spectrum)  are  divided  into  three  classes:  I - low-frequency # II  - 
middle  frequency  and  III  - high-frequency  noises. 


For  each  of  these  classes,  are  established  acceptable  noise 


levels  in  decibels. 


DOC  = 77233313 


PAGE 


L 


Acceptable  noise  levels  in  prodoction  for  the  noises  of  different 
classes. 


(»  ( 

/lonVCTHMNfl 

K.nacc  m xap»KTcpncTi'K«  my  mob 

ypoprub 

B d6 

^ 1 Kmicc  1.  Hii3KOqacTOTHhie  uiymhi  (wyMbi  Tiixoxojmjx  arperaTOB 

ncyaapnoro  Aeiic tbjih,  wyMbi,  npomiKaiouwe  ckb 03b  3ayKOH30Jinpyto- 
miie  nperpa.ibi — CTeiiw.  nepeKObmia.  Kowyxn). 

tu>  Han6o^bmne  yponim  b cneKTpe  pacnanowemj  Hiiwe  wroThi 
300  ?((,  Bbiiue  KOTopoii  ypoBHH  noHHwaioTCB  (He  Menee  mbm  iia  5 66 

na  OKTaBy)  . ' 

(QKacicc  II.  Cpeane'iacTOTHbie  uivmn  (ujyMhi  fkvibiiiHiicTRa  mbujhh, 
CTanKOB  h arperaTOB  Heyaapiioro  aeiicTBun). 

'-VJlan6o.ihuine  ypoBim  b cncKTpe  paciio.noweiihi  mi>Ke  >iacT0Tbi  800  <’i(, 
Bbiuje  KOTopoii  ypoBHH  noHiiwaKDTCB  (lie  ntHfe  mpm  na  5 66  Ha  ok- 

90—100 

TaBV) . j • 

(6)Ka arc  III.  BbicoKonacTOTHbie  uivMbi  (3Bemumie,  iHUPamiie  h can- 

85—90 

CTnmiie  uiyMU,  xapaKTepiibie  run  a arperaTOB  yjiapnoro  aeiicTBHH,  noTO- 
kob  Boiflyxa  h raaa,  arperaTOB,  jieficTByioinHx  c <5o.tmi/kmh  c/mpocrH- 
mii)  — Haii<Vvn>Uiiie  ypoBHH  b eneKTpe  pacnojioweHbi  Bbiiue  nacTOTbi 
800  ' 

75—85 

Key:  (1).  Class  and  the  characteristic  of  noises.  (2).  Tolerance 
level  in  db.  (3).  Class  I.  Low-frequency  noises  (noises  of  the  slow 
assesblies  of  unstressed  action,  the  noises,  which  penetrate  through 
sound  barriers  - wall,  overlaps,  jackets).  (4).  The  greatest  levels 
in  the  spectrua  are  arrange/located  below  the  frequency  of  300  Hz, 
higher  than  which  levels  are  depressed  (sot  less  than  to  5 db  to 
octave).  (5).  Class  II.  Middle  frequency  noises  (noises  of  the 
aajority  of  nachines,  aachine  tools  and  assenblies  of  the  unstressed 


1 
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action).  (5a).  The  greatest  levels  in  the  spectrua  are 
arrange/located  below  the  freguency  800  Hz  higher  than  which  levels 
are  depressed  (not  less  than  to  5 db  to  octave).  (6).  Class  III. 
High-£ reqaency  noises  (ringing,  sibilant  and  whistling  noises, 
characteristic  for  the  assemblies  of  percussion,  the  air  flows  and 
gas,  asseablies,  which  effect  at  high  speeds)  - the  greatest  levels 
in  the  spectrua  are  located  higher  than  the  freguency  800  Hz. 


Page  166. 

4.  necessary  additional  condition  to  indicated  tolerance  levels 
and  noise  spectra  is  intelligibility  of  speech,  which  aust  be 
satisfactory  under  conditions  of  noises  of  all  three  classes,  naaely: 
speech,  pronounced  by  voice  of  noraal  voluae,  aust  be  well  clear  at  a 
distance  1.5  a of  speaker. 

5.  In  guiet  production  rooas  arrange/located  on  territory  of 
plant,  such  as  design  bureaus,  office  and  adainistrative  locations, 
in  private  and  windows  the  loudness  level  of  the  noise,  which 
penetrates  into  these  locations  froa  other  production  locations,  aust 
not  exceed  50  backgrounds,  without  depending  on  the  freguency 
coaposition  of  noise.  The  condition,  presented  in  p.  4,  to  these 
locations  is  not  related. 


4 
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6.  Noise  levels  are  Measured  by  objective  audio-noise  meter,  and 
frequency  spectra  - by  audio-noise  neter  with  fitted  out  to  it 
band-pass  filter  or  analyzer. 


Noise  level  on  edge  of  sanitary- shielding  zone. 

According  to  norns  N 101-54  and  the  indications  of 
Gossan inspektsiya,  the  noise  level  in  area  of  residential  sections  is 
settlement,  that  are  located  close  to  the  arrangenent  of  experimental 
stations  and  laboratories,  must  not  exceed  70  dh.  Zone  of  protection, 
i. e. , distance  from  experimental  station  or  laboratory  to  habitable 
houses,  it  should  be  had  as  a radius  of  300  m. 

Page  167. 
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Appendix  3. 

Categories  of  the  locations  of  experimental  stations  and  laboratories 
according  to  their  degree  of  fire-  and  explosivjn000  has-rd. 


TZ> 

57 i 

HaHMCiioBauHe  noMememifl  h cjiyac6 

KaTeropHH 

K-iacc  no  npa- 

nofttapo-  h 

B3Pbi  BOOUaC  * 

BHA3M  VCTpOfl- 
CTBa  a.neKtpo- 

HOCTH 

o6opyAOBannH 

( v) 

3aa  HcnbiTaie.ibHbix  ycTaiiOBOK  hah  noMemeHiin  6ok- 

COB  AAH  OTACAbllblX  HCnblTaTeAbbblX  ycTaiiOBOK  . . 

r 

n-i 

Ka6nnbi  ynpaB.nemia  iicnbiTaTe.ibiibix  ycTaiiOBOK  . . 

r 

n-i 

^floMememiB  noA  Ka6imaMH  ynpaBAemm  hah  noMeuie- 

i 

mm  TexHOAorniecKoro  o6opyA0BanHH  chctcm  rmia- 
HHH  TOllAHBOM,  MacAOM  . 

r 

n-if> 

( '*) 

rioABa.ibi,  npoxoAHue  Toime.m  iijiii  urroJibHH  ajih 

' 

KOMMy HHKamiii.  pacno^araeMbie  b pa none  HcnuTa- 
Te.ibHbix  ycTanoBOK  h ctchaob 

B 

B-IC 

Mepaa'iHbie  noMememm  naa  6oKcaMii  n Ka6iiHaMii 

n-i 

ynpaB.ieHHn  

r 

BenTHAtmuoHHbie  Kanepbi,  pacno.naraeMbie  Hafl  npoe3- 
ABMH  II  KopilflOpaMH  MCJKAy  CoKcaMn,  liaA  60KCaMH 
hah  naA  KaGnHanH  ynpaBAeHim  

• 

r 

n-i 

( 4^) 

3a/i  no^roTOBKii  ABiiraTe-nefi  h arperaTOB,  npenapa- 

TopcKHe,  no.MemeHHH  aah  ycTpanenim  aciJibktob  b 

n-i 

ABHraie.iflX  n arperaiax 

i 

(<u 

x noMeuieiiHH  ycTanoBOK  ajih  ncnbiTamiB  toiijimbhoh  an- 

napaTyphi  h arperaTOB  c npiiMeHeHiieM  6eii3HHa  h 

B-la 

Kepocmia  

A 

' rloMemellHH  6eH30np0MblB0MH0l"l 

A 

B-la 

rtoMemeHim  aah  uexoBhix  kabaobux,  xpancHim  h 
pa3flaqn  MaceA  (MacAOKOMHaTu.  MacAopa3AaTomibie  h 

B 

n-i 

1 

Key:  (1).  Designation  of  locations  and  services.  (2).  Category  of 
fire-hazard  and  explosiveness.  (3).  Class  according  to  the  rules  of 


the  device  of  electrical  equipment.  (4).  Hall  of  testing  units  or 
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location  of  boxes  for  separate  testing  units.  (5).  Cabin/coapartnents 
of  the  control  of  testing  units.  (6).  Locations  under  the 
cabin/coapartnents  of  control  or  locations  of  the  technological 
eguipaent  of  power- supply  systeas  by  f uel/propellant,  oil.  (7)  . 
Basenents,  passage  tunnels  or  the  galleries  for  coanunications, 
arrange/located  in  area  of  testing  units  and  stands.  (8) . Garret 
locations  above  boxes  and  cabin/conpartaents  of  control.  (9). 
Ventilation  chambers,  arrange/located  above  passages  and  the 
corridors  between  boxes , above  boxes  or  above  the  cabin/coapartaents 
of  control.  (10).  Hall  of  training/preparation  of  engines  and 
assemblies,  preparatory,  location  for  the  eliaination  of  flaw/defects 
in  engines  and  asseablies.  (11).  Locations  of  stands  of  fuel 
eguipaent  and  asseablies  with  the  application /use  of  gasoline  and 
kerosene.  (12).  Locations  of  gasoline  flushing  area.  (13).  Locations 
for  shop  storerooas,  storage  and  distribution  of  oils  (Oil  rooas,  oil 
distributors,  and  so  forth) . 

Notes:  1.  Categories  fire-  and  to  the  explosiveness  of  locations 
enuaerated  above  are  deterained  in  connection  with  the  "fire-fighting 
noras  of  the  construction  design  of  industrial  enterprises"  N 102-54 
coaaittee  in  the  natters  of  building  of  USSR,  republished  with 
changes  and  introduced  into  action  with  1/VIII  1959. 
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2.  Classes  on  electrical  eguipaent  are  deterained  in  connection 
with  "rales  of  device  of  electrical  eguipaent",  issued  by  the 
Ministry  of  power  stations. 

3.  Degree  fire-  and  explosiveness  and  class  of  electrical 
egaipaent  of  locations,  which  did  not  enter  this  enuaeration,  are 
deterained  in  each  individual  case  froa  noras  indicated  above  and 
rules. 

Page  168. 


DOC  = 77233313  PAGE 

Appendix  4. 

Plash  point,  self-ignition,  and  explosiveness  of  mixtures  of 
combustible  vapors  and  gases  with  air. 


( 1 > 
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MeiieiiHR 

[ ] 

1 IlOKIIH  A 
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7.5 
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8 

415 

1,4 

6.0 
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195—205 

300-380 

— 

— 

Oniicb  yr.iepoaa 

651 

12.8 

75.0 

. CBCTHJibiihiH  raa 

600 

8,0 

24.5 

3TH.fIOBblH  CnHpT 

9-32 

510—568 

3.5 

18,0 

Key:  (1).  Designation  of  substances.  (2).  Flash  point.  (3). 
Self-ignition  teaperature.  (4) . Liaits  of  explodability  in  Mixture 
with  air  in  percentages  by  voluae.  (5).  Lower.  (6).  Upper.  (7). 
Acetone.  (8).  Acetylene.  (9).  Gasoline.  (10).  Benzene.  (11).  Froa  ... 
to  ....  (12).  Kerosene  tractor  and  illuainating.  (13).  Ligroin.  (14). 
Hotor  oil.  (15).  Carbon  nonoxide.  (16).  Illuainating  gas.  (17).  Ethyl 
alcohol. 


Notes:  1.  Flash  point  he  is  called  the  lowest  teaperature  at 
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which  the  pairs  of  inflaaaable  liquid  with  air  for*  the  mixture, 
which  gives  flash/burst  with  the  presentation  of  the  free  fla*e. 

Flash  point  is  one  of  the  important  exponents  the  fire  hazard  of 
liquid. 

2.  Self-ignition  temperature  - this  is  that  temperature  to  which 
■ust  be  evenly  heated  conbustible  aixture  with  air,  so  that  it  would 
be  fired  without  introduction  into  it  of  free  fla*e.  Self- ignition 
tenperature  characterizes  the  degree  of  the  fire  hazard  of  different 
substances.  (P.  T.  Bezuglov,  reference  table  of  inflammable 
substances  - Gostoptekhizdat,  1948). 

Page  169. 
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